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PROCESS FOR THE CARHONYLATI ON OF ETMYLENI CALLY

wo SeNRARTMRATED  COVPOUNDS 5 The invention rel aeg:diadfizass
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car bonyl ati on of ethylenically unsaturated conpounds
by reaction with carbon nonoxide in the presence of a
catal yst system The carbonyl ation of ethylenically
unsat urat ed conpounds 10 using carbon nonoxide in the
presence of an al cohol or water and a catal yst system
REIEHSSs FRY B ritRONILETABN o F ERREWVIEALSE| PHERTIARATED
and a phosphine |igand, .9xHming an al kyl phosphi ne,
cycl oal kyl phosphi ne, aryl phosphine, pyridyl
phosphi ne or bidentate phosphi ne, has been 15

T EaTrBhe exantl & EP. A DbS50T5. EPTADINEGY  °F
CRPyACTOUEBET O, Wi TR0 3 6ANDEnAS 0270 798act ion  with

G0 5 DRI YD coren

EP- 21- 0495547 and EP- A-0995598. In partlcular

#ﬂ: éﬁﬁ%ééﬁg t2 phos%ﬁgaﬁépsgg%gg prOV| Eéga I§C|? SSnds

stnemr\hhncmonmxaldbe ihi gthe epcesorcea abes aho eble:ahol ox

Gi-eyad. dacat : Ss?: %%v%% g]f%régﬁtl it fiﬁs{rh% metal,

i'scl 0S@ hot
am@h&ﬂnvemmlhﬂghumeaetxbnarahesphcmm beganhbew&mmpﬂhean

ys which i
Just Eﬁékﬁﬁat%y §1€ IgHﬁagh &en &'gbloge%S?hlnE’
Mgﬁkl%BHDsh]aina part | buﬁamtaﬁiao gﬂmq@lfafnebl derd=at ebeen

S ne conpounds can Qvi de re bly
RIPIPOLEC SRTEMULTCRAT RRbpits, " RIRHES) Lattheftene
apipd i caseorgf, sas@M@eﬁEaﬁeﬂmﬂﬁystsﬁmE:ﬁﬂdfz El-A—

RS 5001 e SBOTTH) 1 ¢ BAT HET B0 dibgs g D27, B
0386833, EP-A-0441447, EP-A-0489472, EPR-A-0282142, EP-A-
0227160, EE-A-0495547F and EF-A-0495548. In particular,
EP-2-0227160, EP-A-0435547 and EP-A-0495548 disclose that
bidentate phosphine ligands provide catalyst systems which

enable high reaction rates kg he achisvad.

The main preblem with Che previously disclesed cakalyst
systems is that, although relatively high reaction rates
can be achieved, the palladium catalyst dies off guickly

which is industrially vpattractive.

It has been disclosed in WO56/19434 that a particular
group of bidentate phosphine compounds c¢an provide
remarkably stable catalysts which require little or no
replenishmenk; that use of such bidentate catalysts leads

to reaction rates which are significantly higher than

S—ray



2 those previously disclosed; that little or no
inmpurities are produced at high conversions. 182 FEB 2007

addi t i WO 96/ 19434 di scl oses that the sane
“gﬂd)glp{{@g@ FE A @eN 003383

when used with respect to propene has en

found to be nore difficult.” WO 01/ 68583 di scl oses
rates for the sane process used for higher al kenes of

or _nore _carbon atons when | he. pLESEAC f1raPpics
Rt e PR SRR e S SRS T e
r eaet iperdeendi 4t anisH mwoblrerexanpl es of 30 x 105N . nR
and 100C. Simlarly, WO 01/68583 discloses 30 and 60
bar carbon nonoxi de and al so 100C. The nost preferred

r afg ead it ilanpecasdresd » W 96V @434 Hag fthemszaGel Fatalyst

120C and the nost preferred pressure _in the
> JGCiRRSTE HETt PORFD X R4S CHO80 FO188CRENT oo been found

Si g i erel RV o0 68583 t he nost preferred
tenperature range is that of 80-]20C, whereas the
nost preferred partial pressure is in the range of 5

t 0y®5pDals 5820 dSHERPEESE NBhYes | fohashdeamsf purdethatsed for
unproved selectivity _and iggroved i nearity of final

priowliet” cahk#T otthd Cdnd¥r TebhdFEFERE B Tower =t N The
10 t epReSAldY eqandy] Ovete£RADDR Haded deprquiessHokvétian WO

taught by the prior art. Still nore 25 surpyrisingl
and GO B To WAMRE I6o5HoPeGPFOHLED® Henf8Te SIATEISE OF

t apght 05 WO®1LR85880°Accyidisngrt ¢, andi Btk alisefloses
the present invention there i s provided g Bﬁ?cesihfokﬂst
t haD cardoff| erosaskon3popPRifennredl Pyandal drat ed™®

C é*ggkédMyéﬁBepEQfeﬁémﬁéﬁﬂﬁﬂf%eﬁnrﬁacgﬁfmﬂéﬂﬁ ds from 70-
et élenicall unsat urated conpound w th carbon £
15 nohdXiCd@nidn thiemps b s@ifde Bied PEGEPEES of M 1 11D IS SSFrmen

W0, 2001107484 PETIGB20934003383, 3  similarly, in WO
01/68583 the most preferred temperature range 1s thakb of
A0-]20°C, whereas the most pzeferred partial pressure is
in the range of 5 to 63 bar.

20
Surprisingly, it has been found that improved selectivilty
and improved linearity of final product can he found ander
conditions of lower temperature and lower carbon monoxide
pressare  than taweght by the prior ark. 5bill more
25 surprisingly, an aprotic solvent is not required to

achieve this as taught by WO 01/6B583.

Acrarding to a first aspect of the present invention there
is provided a process for the carbonylation of
30 ethylenically unsaturated compounds which process
comprises reacking said ethylenically unsaturated compolnd

with c¢arbon monoxide in the presence of a source of




hydr oxyl groups and of a catal yst system the C%ﬁ%%
syst em obt ai nabl e by conbining: (a) a netal offl 07

wovbiro1eszia compound thereof: and 5 (b) a bi de@ygi®ensonaiss
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phosphi ne of general formuba (1) RI12 RS R, ~--
Rer42 4'.0) ~LC,ZJ-B-QR4 7~ R --CC-R2 wherein: Ar
is a bridging group conprising an optionally
smbis:tcixt}nlt e;lrcmp&l ffed eby =0 M £y dches phasphopys @hem‘ayst
al, gt Qged n avallable adj acent carbon at ons;

and 8 eacﬁ Ha%% MYPirepFesent | ower al kyl ene; K

D, Eand Z are substltuents of the aryl noiety (Ar)

q 15 e T £ge endent |y represent derogen, | ower
alkyl * BFyf, - oWalrd Ilchand, comrasd chegecdC 1y
R20, € LOHeRPite GHARphORR20r m&aamm@m@a 5R26C
(S) RBR6 SR27, C (O SR, -, 3- 3 (R10)
(R15)) CH(3(%J)(Rm)vmme 3remesrnslwwh
al kyl ene; or twb'*adj acent groups selectegc fromK, Z D
and 20 E toﬁ%fﬁi with the carbon atons ofR:he aryl
ring to which h are attached form urt her phenyl
ring, which is optmpﬂ9+kwnpqE§}LEHL@d by" one or nore
substituents cted from hydrogen, Y oRer al kyl,
hal o, cyanOanL ro, OR19, OC (O RZO\RQ%Lgﬁz 1211 C

ER2

(O OR22, NRF3RP4 C (O) NR75R26, 25 C
SR21 or C(O 21 . - ----cemmn- r 0 2RFEB 2007 o)

200410147331 PLTI 6B200310033R3 4 Rl1 to R18 each
Ihdependent |y represent |ower alkyl, aryl,

Ar is a  hridging group comprising an  optionally
substituted aryl moiety to which the phospharus atoms are -

linked on awvailable aajaCEﬁt carbon atoms;
& and B each independently represent lower alkylene;

E, D, E and % are substituents of the aryl moiety (Ar} and
each independently represent hydrogen, lower alkyl, aryl,
Het, halo, cyane, nitre, OR!Y, 0C(OIR®, ©(0IRZ, C{0)ORZ,
WRR™,  C(O}NR™R, C(5)R¥R*, SR, c(0)S5RE, or —g-
Q7 {CR™ (R} (RY) )R (RY) (R} where gJ represents lower
alkylene; or two adjacent groups selected from ¥, Z, D and
E together with the carbon atoms of the aryl ring teo which
they are attached form a further phenyl ring, which is
optionally substituoted by one or more substituents
selected from hydrogen, lower alkyl, halo, cyano, nitro,
OR™, OC{O)R®, C(O}RT, C(OJOR®, WEPR®,  C(0)NRERZ,
C{5)R*R*®, SR? or c(0}sRY;




or Het; R19 to R27 each independently represent
hydrogen, lower 5 alkyl, aryl or Met,;, Q, Q anc,:| gBFEB 2007

e resent) each independently represent pereE2003/003353
wisHOaM B
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us, arsenic or antjnony and in the latter two
cases references to phosphi ne or phosphorous above are
10 anended accordi ngly wherein the carbonyl ation

reactiop:d s_carried out a t LWEENs vyl ,
5t ot eghy iRePiao By T R PR SR S EC e
thanud@;Y. 105 Nm Z. 15 Such a process is referred to
hereinafter as "the process of the invention". 20
Preferably, when K, ID, E or z represent -J- B (CR13
(R13) +ER 7)) GRS RlndegdRiBht iyt heeprespect iveiigadp, Elower
or Z is on_the aryl carbon adjacent the aryl carbon

t #Meh@AY L T BISS connected or, if not so adjacent,

is adjacent a remaining K, D, E or Z group which

itself . .represents -3- 25 (CR13 (R i 5 CR S

(197) 6 Re5 7 Shhcrb GEAaTE s SRR Rk P BRe om®
JPeruseds] O areahabkyse the o@myorsidat ion bk ammtter two

ethylenically unsaturated conpound in the presqﬂge 0

ve fare
caAARRT noRbsEdEeEndta BPArBRIRE 36 g REGRCE i
comiiad heBordfieymy ocess of the invention may

catal yse the conversion of an ethylenically
unsat urated conpound to the correspondi ng carboxylic

aGilhrdh eSieLr cafIRSREd v Yregdapendi 1y asrtbedchetcet a
of 0 2 FEB 2037_ WD 2004101. 1833 PCT/ (3B20031003383 co
hy/er atyreupctomedvieiclg colpouRl beE. BnveliER 1§,

t Nen r d3AC$%850hxd o i TREANLHAR BBYx ULl W@ hi ghly
st'abl e conpounds under typical carbonyl ation reaction
conditions such that they require little or no

rephai shiEMas2 Ganvereentd Vio t RExHitRGess @k Mie process
i nvention nmay have an
of the inpvention”.

Preferahly, when K, D, B or z represent -J-
o’ (cr? (R (R CR(RYY (R} , the respective K, D, E oz 2
is on thoe aryl carbon adjacent the aryl carbon to which &
or B is connected or, if mnot so adiacent, is adjacent a
remaining K, D, E or % group which i1tself represents —J-

o® (cRM (RY) (leu}:lchﬁiRl?} (R*% .

Suitably, the process of the inventicon may be used to
catalyse the carbonylation of an ethylenicaily unsaturated
compound in the presence of carbon meneoxide and a hydroxyl
group containing <ompound 4i.e. the process of the
invention may catalyse the conversion oI an ethylenically
unsaturated compound to the corresponding carboxylic acid

or ester, respectively, depending on the cholce of



i ncreased rate of the carbonyl ation reaction of an

et hyl eni cal | y unsat urated conpound conpared to kndwd FEB 2007

wo RhesREses. Conveniently, the process of the p@veRbii@0s8:
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may pronote high conversizon rates of the
et hyl enically 10 unsaturated conmpound, thereby
yielding the desired product 1in high yield with

hiytitdey 0yt MRHERL LSSy CAPSRAMERLEY. cbhSeSOPIRENE! 3hha
viability of a carbonylation process, such as the
BAPBUTHY | Ath ot dfvelhyPBni GaY | yabhbbtar dvkghly stable
conpauit, JHE e JAL8as8dLR i r 0G5S 1
the 15 inventi on}‘ﬁ%hg‘_t er mh'_' ﬁgg%%&%(a?g?%&eﬁgnguse}l%ns
RBFR] nEPathclhrss Se@uige t dhtwbbered Tar boelybdtigshment -

B6VE i tARQUPShe SHER-AS: PhEN Jraphthy, '
gr oupsl ar eﬁ’gpti oena Iy subs?‘i?t E%lgd%g‘gf W t Wﬁ ié]a%\é\ﬁfh'??oﬁn
tBcreags? grgitez, “dnetbe neprEbomybtiqruemssicadioact ef  an

B iHat 1 om@&ﬁﬁ£§¥£tédw“éghﬁgdﬁﬁ éﬁ?ﬂﬂ%eﬁaytkﬁs n%wn

be optionally substituted or termnate as define
BEYGHSeSHet CORAPRICRYANO thai Proce®R19f O6f QriRRMtion may

.- 0 vl 4 =£0) JNR2 6 3827 ; %
%?{Igd% 25rpl S) %SWNE%\%E;’@F% gRl%) Eo % ea‘%ﬁ Yleq (: )'Lly

e ERdeAt Fympeprds éiterehydrogdainar yle oted iowst palokiypkt
{hi il GrQUP 19RY 161 E5e Lonal |

subsjfcglrht E}Jtleql or 1't1er(]ﬁ _na%%dggsﬁ%eﬁ%@%é%ﬁoﬁ?n%u‘?ﬁélh
teg romperciakh@h2hibitthevkim, careinded: iftouipriceetwe| weeh
Q@nbﬁkﬁdcapBSBﬁiégﬁab.fQH?_EB_thE?fQE§%§¥£rl'H%saturéted
systens, which rings contain one of nore heteroatons
SEVRENEd RPN nindsgeed byygeplosind urheandotestupésthe
ihergaet,, and which F 0 2 FEB 2007 WD 200Al 01483A

PCT/ Gl; 2031003310 6 rings may contain one or nore
doubl e bonds or be non- .aromatic, partly aromatic or

WOklynar gl bf 1AL ABALALHEE o0 TELINT SIS TRY-PS-
A A NG AR

yclic aromatiec groups, such as phenyl
and naphthyl, which groups are optionally substituted
with, in addition te K, D, E or Z, one or more
substituents selected from aryl, lower alkyl {which alkyl
group may itself be optionally substituted or terminated
as defined below]), Het, halg, cyano, nitra, OR??, DC{O]RHﬂ
CloyR*, C(0)OR*?, NRZ’RY, C{OINR®R®®, =K', C(0)SR® or
C{S)NR®R®*® wherein RY¥ to R¥ each independently represent
hydrogen, aryl or lower alkyl (which alkyl group may
itself be optionally substituted or terminated as defined
below) .

The term “Het”, when used herein, includes four-to-twelve—
menbered, preferably four-to-ten-memberesd ring systems,
which rings contain one or more hetercatoms selected from

nitrogen, oxygen, sulfur and mixtures thereof, and which



Each "Het" group identified herein is optionally
substituted by one or nore substituents sel ected GIZOEEB 2001

WB%&N% no, nitro, oxo, lower alkyl (which alpdeftei2ep003383
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may itself be optionglly substituted or
term nated as defined below) OR19, OC (0) R20, C( O
YO ' , C(0) CR22, NR23Rz9 C (0) NR25R26, SR27, C (o)

SR27 C (S) NR=5826 wh R n—
|W§Bgrﬁk§’é’nt(1:%/m?5e3d? e8Bfit %gb%gengcﬁ&&bggﬁoagﬁhabe 77

Qe R; 8l khrof Puprdd88ld crayhbelpps fametiy in chara::ter
substituted or ~terninated as defi.ned bel The teeLby.
it TR SYRABFTE e B2Y g 5 pEORURH s optt o‘gvilf)ﬁc be

Splst i tuged- azgtbdbnylideriheti ditytgin m ﬁjazolqpltz.onally

indolyl, furanyl, oxazolyl, 15 isoxazolyl
oSGémtaZBFyfi B 5‘2‘8| yPT gn'mrgdl J';]c' n)ﬁt“%%l?yed from

%o{]' lﬁl.z_,ﬁHﬁéJ r‘iﬂﬁdfh@Z@J yh_w@yrauaglnyhhmh alkyl group

Mzpno! | rimdin azo qui_no

i wau i foH n;he BPEé‘Pi‘ﬁh}Xll E}QB?F%;\%FW &d Lef¥lnated as

PhPETR '”%}:mw} Slé)‘@nsftltublq@pa?dt Neto Y, be{awaﬂcartmfﬁR“
t

at om o r'i ng.or appr opri at e, jat
OREDIGRTRIT £ 63 h e*':CH ?o%ﬂfo%sml?—lé]?‘ ol 8&5%“@; arso

b%iérp ,;Ltn%geglﬁghgi ape Neoxd e nyéeobbg, tﬁfjil '‘bowerwer al]-:yl

n used ereln means Cl tq k}.¥1. dC d or
i m@mmae@mmwmum hypelp g ke mtwagmw s ‘h N

apd. heptvly 9oURs: ntR| B8BoRf hame serapenkti edtmmlmdludes
groups nmay, when there is a sufficient, nunber

of
corbums atowh, bes| i redrosRlbY ancHRECISETE ur At T By

gg?{éﬁ; 3416f 1,30 1%(1%&%'1%@1. agyehbig1or parinyl, ﬂxa'?clyl
acy and/ or

substituted_ or ter‘r]nng -7] 1,
bqu:ﬁezccirylrmre opbdineatnts salte@@dYdr om hEPH2e a=0Y

cyano, it r o, ia R26 3 £ei@aiFé1 EREL-inyl,
B JLc:( o) ﬁ%%%zﬁ‘ggs&z{ OSSR 7,.cl %) N(Fi(ZgiF’?ZG Olo;yl
Fﬁarmmrzommnr%&d}nwéw CB2OU3REHBERE 7 GPITOMY

M‘{}ﬁ:!ﬁ' ]]ng E?e??téuﬁ?fh i ndepandant byd r pppesedinyl .
ar%gen FFower kyI and/ or_be

SuhStlLutan at Het may be at a carbon atom of the Het
ring or, where appropriate, at one oI more of the

hetercatoms.
“Het” groups may alsc be in the form eof an N oxids.

The term “lower alkyl” when uwsed herein, means C; to Cao
alkyl and includes methyl, ethyl, propyl, butyl, penkyl,
hexyl and beptyl groups. Unless otherwise specified, alkyl
groups may, when there is @ saufficient number of carbon
atems, be linear or branched, be saturated or unsaturated,
he cyclic, acyclic or part cyclic/acyclic, and/or be
substituted or terminated by one or more substituenks
selected from hale, cyano, nitro, ORY, oc(oyRZ, C(O)R,
c(ojor®, NRPR?, C{O)NR®R¥, SR, c{oy5RY?, € (3)RE®R*,




interrupted by one or nore oxygen or sul fur atong,
by silano or dialkylsilcon groups. 5 Lower al k)n/ﬁz ?EB 2001

wo sdepgavhich R, R2, R3, Rs, R5, Rb, R, RBd’EﬁEBZ(i‘O&HHJSS*
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12 13 Ig 15 16 17 18 19 20;21 22 R
R, R, RrR, R, R, h [ 12 R23, R2 R25, Ref,

R21, R, Dr E and Z may represent and vvith whi ch aryI
@ﬂﬁjl He&r rrBHEQe S&Mé t.(‘IUt %9 r@_y Wen% ere I rpend.%nt]_}:
Theaf 0

sufficient nunber of carbon at ons be
BRFRIRY: Bwdsadsrat edTrt uesat Lweted alﬂe_flcyclarﬁ,;’or be

AcyLCl 4 r yeli cy, d/ be interrupte
by one‘ﬁ}ol’req‘ir r@?eanoep t(cf)%(y“‘gf;t{e]% OD?JBJSC]%Ff 5% lf 25PmBy Bz EY
B} } o o9 digildlvRy L Seon apreugeeups, and/ or be
substituted by one or 15 nore substituents sel ected
fromhal o, cyano, nitro, OR19, OC (O Rep, C (0) R21,
oY) aOfYy), dRRRPR2 which (B, WR25R26,R'SRRY7,RY, CR{OR?, R°,
£3R77R11C 3, 5R26; gnyl Qi I-.- ef ei maR19,¢t 0 _R27
%? |nd%pe ent LY rg{or eslgfwt r ogen, EEhafy ér § dvveEf
2 28s AT alt Vi, Bh@.,t &r Hnﬂl bwaaiy atdpdeanel whdchith

ohvidB n esen r i_n a conpound of
fom%’;@i A B B bl R ot "o Bore L
Qr dﬂh‘sflﬁmeeﬁ canuber bonfledcamion V\mtmimces ben UhgegF Oup:
reiplal ot her n n the | ower .
al k C:h%d §e \Ma%ﬁrggégsg% 'It”ﬁs% h&b&b’&iﬂrﬁnt POREHC
ﬂ&roemet neycbecf@ub:slum Utazd /ot ther mnt&t;edlplteal ®g€ one or
rlc-dor c no d_iod 30 Where, a coppound
ofét hgv f omngig%n( 1) %cor?tuglgns ang'%‘f'i‘eny‘f’r gPHUPS LI (BT
ddrid kyAahdi¢a) issompei srnEyraltso sabsiritiel By €88t or
,dmg\ée@t,l Q es.the 1 ndj VI dual . stereoi soners of
glgngébﬁg g §? 7 AL CP Ulbadl S e p pROFET attR -
OEZH@}B "2 FEBIC?JOﬁ;? \Abuzm)ﬁol na%?ed/@azmafsﬂpss&&ﬂ
c80) sr?7, C{S)NR*™R?®, aryl or Het wherein R!” to R each

independently represent hydrogen, aryl or lower alkyl.

Similariy, the term “lower alkylene” which A, B and J
(when present) repraesent in a compound of formula I, when
used hercin, dncludes C; to Cqp grouts which can be bonded
at Ewo places on the group and iz otherwise defined in the

same way as “lower alkyl”.

Halc groups with which the above-mentioned groups may b=
substituked or terminated Ainclude fluoro, chlore, hbromoe

and icdao.

Where a compound of the Formula (I} contains an alkenyl
group, ¢is (E} and krans (Z) isomerism may also occur. The

presenl invention includes the individnal sterecisomers af

-the compounds of formula (I) and, where appropriate, the



i ndi vidual tautoneric forns thereof, together w
m xtures thereof. Separation of diastereoisoner shgzr FEB 2007
mﬂ@gltrans i sonmers may be achi eved by conpeniizemnalnoial

w(ﬁg@'ﬁmques, e.g. by fractigpal crystallisation, 5
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chromat ography or H P.L.C. of a stereoisoneric mxture
of a conpound of the fornmula (1) or a suitable salt

or. .derivative thereof. i ndi vidual enantio of .
CORBBTHR St  EABCPBTMA o TPyhimy tAFEEob0. proRArRaSs 1 SHED
amigpitespendi-pgf opEepatayidur ef i Miesrediat eomirdyot0 cis
resqlution, sych as by HP.L.C of.the correspond

r 4B8natE=hEi ngSYVeEs « AL AT r afRtPEH ¢ BY b Soventional
fraghhomads, crystaglli sahd on pfadihiefdiast ece@sOIEIdaxion,

salts forned b reaction of the correspondin )
¢ GEERER O FIATNA Uit BbFeC - oBfi BaPFyFacLIR e gitore of

basezoi@fnaRP! 8pr itdeL. fdAmAld $TPreal sanexsiiAe salt or
included within the scope_of, the process of the

i AGEAYRBHYE | EDSH]AT - pBT apptEEiBitdd Byt hBReE skt |3 erPmRpUnd
the akhet halormd@at herpompayndsigh f eeMuldepaibh MEyom a
function as_ligands  that coordinate with the G oup
VEPEBeRRPRALNF  cHRIGRYLYt hePRBF ()P ERFrMsHAtthe ©°F  BY

CQRURAUALS,HE OF M58 | Ast ], knYentdon.ofTyRheal t¥rrd ffonding
Goup VIIIB netal or conpound thereof (a) coordinates
t GaERB2 bR e1LBENGR S PiieERRoCHEEDL 25UEPSENi & dhy/ bractional

a@&?ﬂ?ﬂylfgéﬁﬁbﬂﬁoff@héoﬂﬁﬁﬁﬁgkéyﬁﬁkﬁégybasahts formed by
Preferably, Rl to R18 each independently represent

| sRectign kPt ofhar gprraumendingf cFamimateRIWi) Re BHdRPlie

3Q>pit@g§f.’§ﬁd§@$:ﬂd{e LeRRESENadel tQ QBpabkylardl-Cs al kyl
phenyl (wherein the phenyl group is optionally

substituted as defined herein) on phenyl (wherein the

PRSAY ! <1 W QR shierQPREANEIY w§UBSLiikHE 8D 3% dfdReder the
herein). Even nore r 0 2 FEB 2007
preocess of the invenbtion.

Tt will be appreciated by those skilled in the art that
the compcunds of formula I (b] may function as ligands
that coordinate with the Group VIIIE metal or compound
thereof (a) to form the compounds for use 1in Lhe
invention, Typically, the Group VIIIE metal or compound
therecf (a} coordinates to the one or more phosphorons,
zrsenic and/or anktimony atoms of the compound of formula

I.

Preferably, R' to R'® each independently represent lower
alkyl or aryl., Wore preferably, R* to RY each
independently represent C; to Cf alkyl, - alkyl phenyl
(wherein the phenyl gzroup is optionally substituted as
defined herein) cor phenyl (wherein the phenyl group is

opbicnally substituted &as defined herein}. Even more



WD 200-1101-1834 PC1' 1GB200310033h3 9 preferably, Rt
to R18 each independently represent Cl to CG al iy 2 B 2007

WO ﬂﬂ]h@j’gﬂs optionally substituted as defined hei@mm;mmjm
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Most preferably, RL to Rd&8 each represent

" non-substituted C, to C6 al kyl such as nethyl, ethyl,

n- propyl, iso-propyl, 5 n-butyl, iso-butyl,

ﬂr@f‘érQHly' xpeRt W hewyhnas en&¥ﬁ£9f‘eﬁ%resent ¢; to Cg
ternatlvely, or additionally, each of the groups Rl

lgyIR3 whiRght ps Rt Fmald YR UDFEit gt R as g gegk o1 -

WREE t-fFeanld tﬁgeweﬁlﬂl RdeRe NI Y B oh0EIbSY et hEed
structures such as [--norbornyl” or 1-norbornadienyl .

CAl terirat gl ypucdnesopethpt e 9¥Mthe AFGpY Lmay SO PToPYL,

A-eRg3ent @sé@u&?lphasﬁaﬂ@-ﬁm.'ﬁh tBentjgandpiegyl  and
attachéd. 15 In a particularly preferred enbodi nent of
awrd opeE¥dat  invention R1, R4, R7, R10, R13 and R 6
each represent the sane |ower alkyl, aryl or Het

noi ety as defined herein, R2, Rs, R8 R1', Rl' and,
FREPreathvedyr e2enedd Helammid V- 0Rach ik yihie a@ypuis Rt to

R @ty aspdefiined herepm QngeR3, 6 ,co2@iR% RIZ, +8 R
ahd R 8 each Eug;esent the sane lower alkyl, aryl or
tidie their e tupdereTHistr e Mear oAl KYESipr 6FEREBRYSRISUCIR as

13113:'@%'9@81%13”% N re‘?ﬁr"leseﬂﬁ.téﬂ% afm;,ﬁll CRe or

particul arly non-substituted - alky such
r@rg:enmﬂqytrhe AW, rﬁi}prfcﬂﬂﬂéﬂ%oﬂprwd Bhesg Wo which

Iﬁplg%gxh,lgeﬁgxggﬂggtyl pentyl, hexyl or cycl ohexyl;
R2, R5, RB, Rl11, R19 and R17 each i ndependent |y

represent the sane C, -C6 aIkyI as defined above; and

=B aRSpalqg_Lc#ﬂgly R pﬁ:e@&gr eﬁ%ﬁ;n{eﬁqept?f‘d%tel Ypresent

represent e sane Cl- defined above. For
mmﬂlen R-L RY, R7, lrifo 3ararhdR i hwgpresent  the

JER esen Jﬂbi' ’ a@%»& 3 rfé% rﬁgéet s aads Rida eﬁEPem,

repre sent 2, R15 and R19
FEacIR f eBr:esﬂant ﬁ sy (R orE@‘Ffpeﬁ%gﬁSEUitz HER powy lower

alkyl, aryl or BHet moiety as defined herein, and B3, RE,
R, RY¥?, RY™ and R each represent the same lower alkyl,
aryl or Het moiety as defined herein. More preferably R,
r', R", R, RY and 1% sach represent the same C,-Cg alkyl,
particularly non-substituted C;-Ce¢ alkyl, such as methyl,
ethyl, n-pxopyl, iso—propyl, n-butyl, iso-bubyl, <tert-
butyl, pentyl, hexyl or cyclchexyl; R*, R*, R%, RY, rRY™ and
B each independently represent the same C3-Cs alkyl as
defined above; and R, RY R% RY, R™ and R™ each
independently represent the same C1—Ce¢ alkyl) as defined
above. For example: R', R* R', R, R*”? and R* each
represent methyl; R%, R°, R®, R, R' and R' each represent
ethyl; and, R?, R®, R® R'?, R and ®'" each represent n-

butyl or n—pentyl.



WD 20011014831 PCT16B20031003383 10 1In an especially
preferred enbodi ment of the present invention ep@hFEs 2007

pe goup represents the sane |ower al kyl ,peafidkaoo3/n013sa
“g)r "WJnm ety as defined heggin. Preferably, each Rl

to Rte represents the sane Cl1 to CG al kyl group, 5
particul arly non substituted Cl-C6 al kyl, such as

thyl, &th S0 REPBYk meRt WY the present
ms?L ﬁlf' | S5RE ]talrig §P¥£E%nty, exyFlEand cycl ohex

M sitr |

epteber abkly, Réath GWWGI?W%@%{ WEY ] er
IE‘E | h {3 hly,

a%d‘tkéfce\%ﬁgun IlElt- ?Qlééy pi&f alabIneRaah RkeflPably

h present) are the sanme. Most Ereferablg
eaclhQR' @d R'&ndeBefwiben pPhreseany Fepk@s at @lkyl group,

pho hor ous Prefer bl _ 0 r gl fsthvl,
5 APBTARYE R e 18 bS] "R FRRebendentl Y

%rtr}@s_ent nGhréy 106 ahabypenpylmhlrtlbutsrl@pti%ﬁr&?thl' tere-
substi.t ut ed a ef| e r g e |8 Mt Rrhowesach
alBdfY 1gr é‘ﬁﬁg-‘" nJabETn ) SJhIEP"GIh \N&l ﬁ{?)%/)Il:e&ne & ougs
whilc Ia.;.AR“BraﬂdesJer(wmmtmyésent ) represent are
non-substituted. A particular preferred |ower alkylene

20 which A, E and J may i ndependently repr eser&é i's,
10 - G-t conpdbd. ofVbBdrmprlef er,abiryieeabhroéaqh, »afid ang &

wh t t th 1 2
fjef‘i?frr]f‘égrﬂ?g%“%} aﬁgrt%?’%zl é_lmla; i%gﬁg Ip(')cgg Pre er ably, S?r'r -

t hen$ QIPPQUREn Oprd=ir)| aebrebentK pRysghaovg- does not

represent -J-B3 (CR13 (B'') (R15)) CR11(R 7) (R16) ,

K, Db E or Z represents hydrogen, |ower alkyl, phenyl

or pL@ﬂ@fablql kmhpheaybmmwm priefferaiplly, IK AD,B Enst J7 {when

repr esent dr oge h Cl- C6_al kyl phe r ene
15 0 boeaky | et aeeSoSmTY I TR ST pEbpst. Bucy

pept,yén and @Monaﬂ?t syymfienakblly, aK, dBflEedr hgreln, for

represents hydrogen. 1-. --. - - = =--oc-o-_
__g:_\ample with l%wer alkle %I&@SzgngferabIY' the lower

alkylene groups which &, B and J (when present) represent
are non-substituted. A particular preferred lower alkylens
20 which &, B and J may independently represent 1s —CHz— or -
C-Hs—, Most preferably, ceach of &, B and J {(when present})
represenlt the same lower alkylene as defined ]'rerein,

particularly -CHz-.

25 preferably, in the compound of formala I when K, D, E or 2
does not represent -J—Q° (CRY (R} (1)) cR¥(RYy (R'"), K, Dy
FE or Z rcpresents hydrogen, lower alkyl, phenyl or lower
alkylphenyl. More preferably, K, D, B oT % represent
hydrogen, phenyl, Ci1-Cg alkyiphenyl or Cy—Cg alkyl, szuch as

30 methyl, ethyl, vpropyl, bukyl, pentyl and hexyl. Most
preferably, K, I, E or 2 represents hydrogen.




WO 2004/ 014834 PCTI 61320413/003383 11 Preferably, in
the conpound of formula | when K, D, E and Z todef B 2|]|]}'

woMihiofieg carbon atonms of the aryl zing to \m']ﬁ%"anﬁﬁ}é"““s’
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are attached do not form a,;phenyl ring, K, D
each i ndependently represent hydrogen, |ower alkyl,
phenyl 5 or Iomer al kyl phenyl . Nbre preferably K, D,

Eraadezagdeh 5 p roge
pheny! | TGt ky|HthiLg°ng’ 4 PR % wefl, iy Ju B and
et Fﬁﬁﬂué%hwltlprt@gyr:drbbuta/u:amspem )theaadymexfymg v @i ch
MRR&y P& BE e4aR e oK Lepresent the s

{ SR er agle, E?ﬁ’e el?“’iofi‘%%f glg'(enrﬁ‘miE and 2

subatituent. Mst pre
h?a%géﬁd“w@%ﬁébﬂ yEprEﬂEIﬂ]é‘J}Girqg@undloiﬁef O TRH 1, lphenyl

when K, ohat 3(R14
(RL$) )%%Gﬁ‘ﬁ%ﬂ (’ﬁ@ )ﬁa%g Rr‘SP‘b‘? Farn z%g &eﬁﬁ‘é'rz hen
wiERererdeddyon arepsesdnt he amyrogeng 15 freoii,ch  ¢,-c,
tgrg t 0 for hen ng, .each of
Oj,(:%ﬁearﬁJtl %‘ijrqg:grgse%q{tyt Re g]gﬁeg rIB‘X%h}éje‘l et f PERPY L.
h?%l?b’gwer?eﬂ'd\%eﬁndl hekyl arkaten arrt:rlelepxesefmﬂ&r}eck hey, eENand

PRr i r G

par £ %HEZ‘?’J% e 9880, S Chs B el aperay y oo
hyepTsgant dgdppeéerably, in the conpound of formula |
when two of K D, E and Z together with the carbon
atons of the aryl ring to which they are attached

fOrTheraenyinr thy, caleunches phemyla ri ngaerns K, D, E or %

Yy ut 1 18
gﬁmbéssglr}t%éent se e?:'t e?dforé 5 ]?PoﬁFﬁ I'[IIE‘yIJ Bl @nd K
adtkyf argr 8upomeyhet serltfh l:tdﬂeophhrbﬁﬁl tyortll RS ithat @dyOrring
t edie f c % t, hal o, cyano,
rﬁ :ﬂgﬂ@h a5 ?&f% h 8' %8) hﬁl;eun@ (ao)ph@féré ring, each
NFGaa‘Rzgﬂ @(egldNRzaagsEseﬁa7pheg i)' gosup CkS) NR2EGR26:an
A ch 1 ndepende y represent 30
R o8 kyl TWhicch®al %ﬁ% P terging

hydrogen or Tower a
Fertdgnilandy | Rysabgent utredcprcst e&rlrhyrlat aﬁblaas gettnachariy

Recebak s chies BLel ), Lg.phery dl}%gl 5" not

substi t ut ed

Preferably, in the compound of formula I when two of K, D,
E and Z together with the carbon atoms of the aryl ring to
which they are attached form a phenyl ring, then the
phenyl ring is optionally substituted with one or more
substituents selected from aryl, lower alkyl (which alkyl
group may itself be optionally substituted or terminated
35 defined below), Het, hale, cyane, nitro, orR'@, oc{o)r?®,
C{OJR*, C(OJOR®, NR*R™, C{(0)HNRPRS, SR¥, C{0}s5RY or
C{S)NRR*® wherein R'® to R¥ each independently represent
hydregen or leower alkyl (which alkyl group may itself be
optionally substituted or teminated as defined hereinj.
Morz preferably, the phenyl ©ing is not substituted by any

substituents i.e. it bears hydrogen atems only.



substituents i.e. it bears hydrogen atons only. 0 g2 FEB 7007
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w%ﬁuﬁ“&?ﬁ compounds of fornula | include thosgrTiGROCI0IIR
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erein: A and B each indepgndently represent
unsubstituted C1 to 5 C6 al kylene; K 7, 2 and E each

i ndependently represent hydrogen, G -Cc al kyl,

phenyl, Cl-C6 al kyl phenyl or -j- 0:" [CR13 (R) (R s))
CRlc (R 7) (RB) where j represents 10 unsubstjtuted

Chr L 8o GR.cRIdeib8h8as OFF timrroflaki Dicidmdhese: BHErhsy
wth the carbon atons of the aryl ring to which they
are attached forma phenyl ring which is optl onal |y to
sybstist wt e by QREpehdERt By Substssangntenaidisddfad efr &m

| ower al kyl, phenyl or |ower alkylphenyl. 15 Rl to Rl B
e@ehﬂl%@@@mdently represent Cl to Ce al kyl, phenyl

or Cl to C6 al kyl phenyl. Further preferred corrpounds

of formula I include those - thc-c:
o e o 255 eslspergsrtibor et AR e
]Jé:,éeach [ ndent I g:l-n:apr esesmkﬂiy:dheogén C1°’€26 —J=
_J_ n al k or wher J|§,§.{@5nts
saﬁ‘ECE\Jé’{E\”}dB 'Jt}@élﬁd\a R{RA E and"Z T oget ﬁ]gr With the
carb gg_?g:gegfclthgj @g)@llk@ﬁegetow\hteh bliek: ale 2 hnd B
e orm an unsubst ituted g% ! R&Dt-ﬂnch
Rl'AZ'gE&@hII wd&PefBENCRFPPRpREYEHt ®ic1- 10 %ce!‘l aIJI:<
FEB, AP4% Q2004601 £83m1 sPEh=h@EB2r ng @n@qnsls gpsmlmllh’
substituted by one oI mere substituents selected from

Loawer alkyl, phenyl or lower alkylphenyl.

gl to R¥ each independently represent G to Ce alkyl,

ghenyl or Ci to Cs alkylphenyl.

Further preferred compounds of fommula I inclnde those

wherein:
2 and O both represent —CHz— or Caly, particularly CHz;

K, D, Z and L each independently represent hydrogen, Ci1—Cs
alkyl phenyl or C1—Cs alkyl or -J-
o? (R (R} (R**) ) CRM(RY') (R™) where J is the same as A; or
two of K, Db, E and Z Eogether with the carbon atoms of the

i ltuked
aryl ring to which they are akttached form an unsubstiture

phenyl ring;

B! to R** each independently represent Ci to Ce alkyl:
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Still further preferred conmpounds of formula | include

those wherein: RL to Rib are the same and each 02 FEB 2007
wop@pnegants Cl to CG al kyl,

_ S5 particul arly nmetf¥ipzoosmn1a83
Still further preferyed canpounds of forxnula I

include those wherein: 10 K, D, Z and E are each
i ndependently selected fromthe group consisting of
Wdﬂﬂ)gd:?hrﬂﬂqe@l pe B red kydnpoupdst | 651l EFobpndherne eacinde
Dsl‘a- B‘;ez and E represent the same group, especially
&re &ach®vl K, D, Z and E represent hydrogen; or 15
K represents --CH2 @B-(CR13 {R 9} {R15}) CR16(R17)
R-11) .and D, and E are ez%ch i nde endentl sel ect e
offi tthe 6F%ubhecﬁﬁ'§? sTPhgE Rt h'jf‘d?' t5r C(131 PoCes? kY
alakty i cuparly Gudtandly where both N and E represent the
sane group, especially 20 where D, Z and E represent
hydrogen. Especially preferred specific conpounds of

fseib| &ulr thieiC| paerdritese agiceinds 25 eaebmilat @ Rinclifie

A'E‘e sane and represents nethyl; A and B are the sane
857 PRt -CHE-; K, D, Z and E are the same and

represent hydrogen. The present invention provides a

rocess_for the 30 carbopylatian of an ethylenically
B{nsj} urfat 8gd cgnﬁdi?noeacé‘on’d{q E@Eﬁﬁ’a@ﬁ%ﬁ%eﬂn from *the
g&hybenlcaabhytgm@atufat esfdr6g@apounrd wid,h carbog, aikyl,
nonoxi de and a hydr ox up 0 2 FEB 2007 WO
POOTIBABRYY PET 2‘6@%‘108 ép D4 &oRTSi B nEFRIGRSSENdhe

isamk heypngseneepoli A At ahyst cmpued rs defi Bedaid E
the prese=t invention. Suitably, the hydroxyl group

Eﬁﬁfﬁ?%’f‘?}ghym&f}nd‘”?:ncl udes 5 water or an organic
nol ecul e having a hydroxyl- functi onal

K represents -~CHz-Q™{CR™ (R} (R®*})}CR™(RY}(RY¥) and D, %
and E are each independently selected from the group
consisting of hydrogen or €1 to € alkyl, particularly
where both D and E represent the same group, especially

where D, & and £ represent hydrogen.

Especially preferred specific compounds of formula I

include those wherein:

each R’ to R is the same and represents methyl;
A and B are the same and represent -CHz-;

K, D, 2 and E are the same and represent hydrogen.

The present invention provides a process feor Lhe
carbonylation of an: ethylenically unsaturated compound
comprising contacting an  ethylenically  unsaturated

compound with carhon monoxide and a hydroxyl group



group. Preferably, the organic nol ecule having a
hydr oxyl functional group nay be branched or |i BeArFEB 2007

PR i ses an alkanol, particularly a Cl-g89GB2003/003383
w{gpgano i ncl udi ng aryl allkanol s, which may be

optionally substituted with one or 10 nore
substituents selected fromlower alkyl, aryl, Het,

e TR RS Lty kihons

C®) 5rR2ingag tief the dor dremdi poveREhry- preferred al kanol s
are C -CA al kanols such as nethanol, ethanol,

propanal , iso-propanol, iso-butanol, 15 t- butyl
alsecleblyn- bbﬁahwﬂrcplﬂéngrowdﬂ@htmrqﬂmpﬂaméoh@PludES

5 A tarl%lfgh th% m-ﬁ):n%% er g}.glhém‘ﬂee ﬁ@ﬂ Cﬁora?fr%rcfl z 1 funcLlona'L

po’"l y-al Kandl's y, selecte octa ol s
SLgIh)upaS Patletilesabllm okbe omarakmltml&rmhls’-u gamdngay Ayduoxyl

d i call u I ar,
cdimetaahiE o DiBL Rk bp SRR AR 8 SIS Sl comprisas
glaycesl0tandl, ,2 ];thrtbimﬂrmellm @l C1-Caq alkanc:-l 1nclud1ng aryl
2- (,hydr xyne h nedl 1.2,6
AR haptEs nay PR SBRIGAOly quirdturea with one or
10 (hgtd:reoxwlﬁ&ﬁyli@emtehmemﬂnd'smm sbrdrasezligal ackogle Het,
and ot her sugars, Preferrad s ﬂuncl cro 22
f riiftttese 25 "Fnd EI"&ESSe 5%spec:|HgR; pfefg?&é%ﬁél kgtr?%"’lﬂsH
anm e hadb) nafrdZ et hanol k2 mHfie arbunir of (Gl $35hoksi defined
not critic ner al_l nts areuedln
e o a0y BERS P E T ods GEar it SqTAREES such
C i Gnethaln@1h e e¢hsahoeny| lalth:dancﬂ[h u Ssbhpraﬂ:mﬁxhhl vy butancl,
ser th a tlon Iven al.t hou
15 GaTEdT conad ol vante iy ortEngs ekl By epgery2
ZOQYLMEOOAIQHAB&I Lhep(ﬁﬁrﬁi:&z.ﬂlaﬁﬂ}ﬂ)93% wbst Iplrerﬁerred
reC| hat th roduct ,of, t at
ek et 5 e ReREp kP! SR (e, HERREERTLS sucn
gracmp dientsai mtmgamenpowtdraﬂed hhhdwatenais used adsc be

the .hyd | t ai th th
S, ST S ST 158, 20 S

20 usg, 2-zthanediol, 1,3-propanediol, glycerol 1,2,4
butanelriol, 2— {hydroxymethyl}—-1, 3-propanediol, 1,2,6
trihydroxyhexans, pentasrvihritel, 1,1,1

tri(hydroxymethyl}ethanse, nannose, sorbase, galactcse and
other sugars. Preferred sugars include sucrose, fructose
25 and glucose. Especially preferred alkanols are methancl

and ethanol.

The amount of alcohol is not c¢ritical. Generally, amounts
are used in excess of the amount of ethylenically
30 wunsaturated compound to be carbonylated. Thus the alcohol
may serve as the reacktion solvent as well, although, if

desired, separate solvents may alsoc be used.



of an al kanol produces the corresponding ester. -
Suitably, the ethylenically unsaturated compound MREB 2007
wo kildGhpgg, nore than one carbon-carbon doubl e bﬂ@ﬂﬁﬂzmumnims

10

15
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wherein 10 the double bo Rels are conjugated o
non- conj ugat ed. Preférably, t he ethylenlcally
unsaturated conpound has 1 to 3 carbon-carbon doubl e

pondp; per yol g gﬂk&lﬂdlsﬂgerlm oy 1pPbadet of the
car bon- car bon doubl e bonds per nol ecul e, 15 general ]y

wcytqoreaqc%o@etawwdd@&b|l@aﬁbnanpaarmmcdﬂh@ SOPHCFth
Hﬁ;@f m)aiOXI I%t&lggﬁngsgérﬁﬁc?ﬁd'ﬁy t'ﬁ]’watt%% is used

car bo de nay ed1in pure formor diluted
o t ﬁheamjdmﬁwlgmmmwaﬂWWge?pmmmm@mxm% &fd

=1y -THEY i
ﬁj%?%%gn typlc%#%%s%%ggégghaﬁ 59@%yﬁ€g%%ﬁ§ qﬁ§§egﬁsgse
be Pt esbEmnolThsodattd (holagwerseboAeld ofsietthyl enical |y
unsaturated conmpound to hydroxyl group contai ning
conmpound may vary 25 between wide limts and suitably
Foeathy i hethesang@trnaflenigallro mna@tum@%r a\:mrrymlurldm may

?ﬁt&f\@&@ ﬁ?}etﬁhén ol L-Q‘r c?".-:[lg)%nh J?Mer?ﬁ\élr91n

oup contarni'n npoun s when atter I's ‘al SO
th@ d@uhia(h@ﬁ@@laeatcoﬁﬁhgﬁhgdawmunﬁnoﬁomiuydhﬂﬂalyst of
the invention used in the carbonylation process of
the ethylenically unsaturated conpound is not
Er¢fecalbly Goode r esutiesimay e volsribnede=dwhenpound has 1

b e S g R B TR R b3 TE By P bl
¢Qly tlo ©O- 12rnﬁa§bupe¢axhﬁﬂa dhueﬁhylbnﬂdﬁalpgr molecule,

EFECHL A RS TE PP TPl LEREE: Yord ot iikpEe

ethyl enically unsaturated conpound. Preferahly, the 5

t. O ' t ound f 1. :
e N S T
n@rleorprmrﬁm:atﬂw ma]aDL'& usedl 0 punepsionpr efrerddBhaped] @ish
Lo igégt”BLSSsBSf] legi&?ogen, carbon dioxide or a noble

gas such as argon. S5Small amounts of hydrogen, typically

less than 5% by volume, may also be present.

The ratio (volume/volume] of ethylenically unsaturated
compound ko hydroxyl group containing conpound may varcy
between wide 1limits and s=nitably lies in the range of
1:0.1 to 1:10, preferably from hetween 2:1 to 1:2 up to a
large excess of hydroxyl group containing compounds when

the latter is also the reaction solvent.

The awmount of the catalyst of the invention used in the
carbonylation process of the ethylenically unsaturated
compound is not critical. Geood results may be obtained

when, preferably, the amount of Group VIIT metal is in the



et hyl enical ly unsaturated conpound. 10 Suitably, y
al t hough non-essential to the invention, the b2 FEB 2007

car tion of an ethylenically unsaturated @GaapeuWbsoniiss
“&?"‘p’g‘g%jﬁed herein may be pgrformed in one or nore

apzotic solvents. Suitable solvents include ketones,
such as for exanple nethyl butyl ket one; ethers, such

as for ex e .15 50l e t hyl  phenyl ether ;
2, éc,aggteri g‘)@?nontaaneq"%( di gwcill%elz;e, kIl"éret ﬁl)‘/jlr%t hé’r%, gi)cﬁtg%ﬁwcally
et hesatbehtalydoaparah, maticphemfeethdy, 107° to 107° moles,

di i sopropyl et her. _and the di net et her of

di -T'?fh"ljp'fyl eﬁﬁ? N e ers,tDsuﬁ:éas b anpis mole  of
netdiyhaeat ahe]l ydi aeddvimdiegat ecnptiydl . benzpateerably, the
di net hyl 20 pht hal ate and butyrolactone; am des, sugch

Sas SO Al ol S REE G PRRSTI b REMGLhyt pofr SPEfREeted
andcdipghy ks fAremridegesubffaxibdes anehostl phopessbly, 107°
such as _for exanple _dimethylsulphoxide,

di H% ot opy! TaFph8ReTekEht i dfe” g0 1V moles per mole of

t ety dhethi ophemertAr2tdidoxtmie)und- met hyl sul f ol ane,
25 di et hyl sul phone, tetrahydrothi ophene 1, 1-di oxide
and 2- nethyl -4-ethyl sul folane; aromatic conpounds,

10 NGUERRA y, had D hkhatidn-afssenelatonpouRde EGivention, the
benzene, tol uene, ethyl benzene_o-xylene, mxyl ene, q
p- GERey LBk SR 0BENIRNEEhY TG 8r SRgAFERRTed ~ compound as

r a-ifGhl-ar aRenNZeN Giayal Kangerrdfdding 8@ A Onore aprotic
vari ants of such conpounds eg,_ hexane, heptane,

2, Zodvepitget P FeRt aneo I Ret Hy | Bl af of thdtednd ibdd o

tetdﬁ%@l‘éﬂﬂ@&hﬁ&ﬂgﬁ.ﬁt@t@ﬂe; heRpeRk} ridAngds for example
acetonitrile. r O FEB 2007 WD 200110 14 8 34

LSpCANEE2863100588871 17 RRFPYSui teBIF lar e dprloffi (Tioxancnane
sol (\éﬁ@lfs_mJ&@\!' kG =@h i &ecd | | £inGPRI! dthatcksaRHe¥Earan,
val ue of 50, nore preferably in the range of 3 to 8, p
at HeheryIRTERY. 1 Sk FORRGRYACEPRT fod phhsedimehpisliier ©
t heyidilh@abhCotpnstant kra, gi Vafch Soh¥ent rhg Usetample
inits normal neani ng of representing the )

methylacetate, dimethyladipate methyl beosoalte, dimethyl

20 phthalate and butyrolacktone; amides, such as Ior sxample

dimethylacetamide, N-methylpyrrolidone and dimetbhyl
formamide; sulfoxides and sulphones, such as for example
dimethylisulphoxide, di-isopropylsulphone, sulfolane
{tetrahydrothlophense-2, 2-dioxide], 2-methylsulfolane,
25 diethyl sulphone, tetrahydrothiophene 1,1-dioxide and 2-
methyl-4-ethylsulfelanse; aromatic compounds, including
halo wariants of such campounds eg. banzene, toluene,
ethyl benzenes o-iylens, m-xylens, p-xylene, chlorobenzene,
o~dichlorchenzene, m-dichlorobenzene: alkanes, inclueding

30 hale wariants of such compounds eg, hexane, heptans,

2,2,3—trimethylpentans, methylene chleoride and carbon

tetrachloxide; nitriles eq. bhepnzonitrile and acetonitrile.



ratio of the capacity of a condenser with that
substance as dielectric to the capacity of the sémg FEB 2007
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the dielectric constants 17of conmon organic |iquids
can be found in general 10 reference books, such as
t he Handbook of Chem stry and Physics, 76th edition,

@kt esh byaavi gr R abi-deist @mﬁ@g h%%*il gsf@dd@él@B@r
ress in 1995, and_are usually quoted for
&t GtetofsabBlev20CYBtuREEL Ple. ma@euvrzﬁsraw o}D

A06. Adé NG AJTOSPNAY I DNESISia i1 & 2HUH?] ¥n the
IC5Nra2 15 or can readlly be converted to that

REERSEtat GPRLSHd  pREssURIaRiNG t Rensbawer Sicgh Pacodyen

LHIGTRd. lhfuB@d iﬁt§f§lﬁﬁfhéknﬁéﬂﬂyhg QQaEEbQHEéﬁtlng the
conpound i s available, the dielecfric constant may be

TaAd 19F ks FREacusYngt escapresher phiki sbathenbabince
araetaa@dgm.z@fw *@&a%gﬁczﬁf%ﬁof EgcstarnLC SaRshant Qath a

anisole is 4.3 iethyl ether Is
Farugo3er fdelggfrigy| Feﬂ'a?fé far sthe diglez03ip Kpnsbints

d’@t hdpent aReaiSid S :Ig.t'ﬂlldgat <283 %EK) folhd  in general
A%Eenylether is 3.7 (at 203.2 K) 25
PRyFadicpéf e |uswé @ﬁ( ath@ggazdk'}'ﬂkofﬂf Chemistry and

rilshaly dnefuleany i 8y, eélﬁéﬂ %2513%11@ ROfLide et al, and
nmet hyl ngnanoate is 3. A preferre
b dahedi By diils Brress| #nt h%gfhycﬁffﬁi()ﬁregF‘GUElé‘EnEaOhwﬁgfor

accmgeﬂgmse% ablk@pobyec 30- as Qpr gt i.C QBEME”EQ {ék 6

ener at ed g the reaction as thée estér carbohyrla
zg‘ﬁoéléc{{f o¥nq HEMSERYPERF cRF¢3puTmS dt-ar- aﬂédl@ohpmuh@s,l\lm )

Jrar bop iide gand kkgnol i s.y,
sarban nanginge BYd G Lkanokol S A ARhBLLGrare ano

PPEFFEIS2 M BE005883 cemvatign odessomay adebed ageblusine
heecarntedagtl EBraR §H8S%L19E Y g‘oluﬁds% VeQL?J.ia]:?le

at a ratio (v/v) of aprotic solvent to hy r oxy grouﬁ

EOENt H ARG TABNIUIREagt daN elpst readily measursd using

established physico-chemical methods.

For example, khe dielectric constant of aniscole is 4.3 (at
284.2 K}, of diethyl ether is 4.3 {(at 293.,2 K}, of
sulfolane iz 43.4 (at 303.2 K}, of methylpentancate is 5.0
fat 293.2 K), of diphenylether is 3.7 {at 263.2 K), of
dimethyladipate is 6.8 ({at 293.2 K), of tetrahydrofuran is
7.5 {at 295.2 K), of methylnonanoate is 3.9 (at 253.2 Kj.

A preferred =olvenbt is anisole.

If the hydroxyl group containing compound is an alkanol,
an aprotic solvent will be generated by the reagkion as
the ester carbonylation product of the ethylenically
unsabturated compound, carbon monoxide and the alkanol is

an aprotic solwent.



5 1:1. Preferably, this ratio ranges from1:1 to 1
and nore preferably from1:1 to 5:1. Mst preferagI?‘FEB 2007

“ngﬁuﬁﬁﬁhp (v/v) ranges from1.5:1 to 3:1. Desppirighziosass
oregoing it is preferredphat the reaction 10 is

carried out in the absence of any external aprotic
solvent ie. an aprotic solvent not generated by the
reaction itself The catal yst conpounds of the present

invention may act as 15 a "heterogeneoys at al yst
aThaopoymmsonsy edranyageowyly he © Fmeﬂo%éeh%o%fi--m%s

caii_,al%sgo Loe r@%},&tcat al yst ap ia€.ragiconppind @ff tderotic

i nvention, I'S 'not supported. but is
adi xetk otr:l f loy dnesek i I -gsiotp \Wom L REDg eﬁwﬁ?ﬁ%&%}/ ot 1R s*
s carhonyl at £ P8od aCEiéPQ (8t 9o dK:QSg@é hylsni cahl o 10:1 and

unsat ur a he hydr oxyl contalnlng onpou qno

andreclaxdabﬂrertdnmﬂr@@) 1:prepebabl Yaat #reberablyd e ©2
lvent as. descrihed hepgip 1 25 By the term

" érl/g ogeneous gda?aﬁygt we nean a catalyst, i.e. the

conpound of the invention, which is carried on a

8§§I§IE EBSnF. 8%8&g%g%r§6€| gegﬂiéf‘@fré?&p%ét the reaction

on process for the
10 cambmmﬁﬁﬁadwmmﬁ énhytileni shbényce ungatunat BEEREMHOUABEOTLE

3?& %%h eSﬂ%g{el mg%ggig t8 vREOCESE | ForkefdtiR Byt the

nprising a support, preferably an
I nselcthbe Su@@bfi. 0 2 FEB 2007 MD 2010- 1161A93J
PCT/ CE20031003383 19 Preferably, the support

conprises a polynmer such as a polyolefin, polystyrene
om}@l#sh;{ys’aeawmzmirﬁsem%&@h RsesEntdi VIYRAHOR, 87y act as

Qlymer or_othef s |ta ol yxper s 5@ GOPRLYHRY St .
T e o
derivative such as a functlonallsed S|I|ca a silicone

g{ﬁ%ﬁ:%le | Itcone “rhuc?nkc):eg{eheg{lsm IE%'&&E?E.PU%ep%éEer ubatRtalyst,
i.e. a compound of the invention, which is not supported

but is simply admixed or formed in-situ with the reactants

20 of the carbonylation reaction ({e.g. the ethylenically
unsaturated compound, the hydroxyl ccntaiﬁing conmpound and
carbon monoxidel, prgferably in a suitable seolvent as

described herein.

25 By the Lterm “heterogeneous” catalyst we mean a catalyst,
i.e. khe compound of the invention, which is carried on a

support.

Thus according to a furtherx aspect, the present invention
30 provides a process for the carbonylation of ethylenically
unsaturated compounds as defined herein wherein Ethe
process is carried ount with the catalyst comprising a

support, preferably an insoluble support.

- re—y



such as for exanpl e inorganic oxides and inorgan
chlorides. 10 Preferably the support material is 62 FEB 2007

wOpanousisi | i ca which has a surface area in therd;aad8/003383
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of from10 to 700 m/g, awetotal pore volunme in the
range of fromO0.1 to 1.0 cc/g and an average particle
size in the range of from10 to 500pm 15 More
preferably, the surface area is in the range of from
SQEéé)é;% rﬁ/é? the pore volune is in the range of
from-0 5t 0 2'% EEPCENhd SPREF%RT age HaFINRY eS8Fhe ds a

| Poll e FAANIROLYs EF M0t 0200 Pran Ml Aesirablyyt he o
syyf.ac area is in_the range of fronyléb to 400 mlg,
t ’e‘“ﬁ‘&ﬁé‘ﬁﬁéew FRPHETRR 1HHe PHARE SuitpbAe0.®ivmeds0 or

CE€drgh Il rENen oAU e RRAYLIRAL! 104i8 1281 29 Ithd Naifle LaD98; con
of from30 to 100 pm_The average pore size of
tYPICACLE6r 5HSP sEppsr funtatengldisedi silacehear ahgecoie or

fa op Llhdre 10Q60; &Feherabl psﬂrauéuggﬁl&&cg?éfé i ﬂgg%éial

used that has an average 25 pore diafneter rom
tB0038 IRF nBSIEMELR| r BB IARYGM <7R3des 3B0dA. inorganic
behparteeul arly desirable to dehydrate the silica at

a tenperature of from 100C to SOOC anywhere from3 to
24 hours. 30 suitably, the support' may be flexible or

&’ﬂdf@&ﬁb$ypﬂﬁét5up(?dﬁ mAsakybl & S s 54916080 860h has
and/ or_inpregnated with the conpounds of 't he process
6 FHEFAGR eHiSDONiBy theedRAgquUEd WEIdm khdwhiot F Ohosey, a

Skitkhegobd $58l ton Q1 E - 0,1101483-L
PCt /28%30310033_83 20 Al ggﬁ%\?%e%"?t%ﬁg %gnﬁoﬁn%%f P
e AFFEREL P IHE Silgeehni be dramds wdd fromt he surfiys:.

0foran pirB S0 4b] €, tww:tfac@pg.k@ﬁa}r.%yiff | gy, Jg%gaE! Y from
%fnd, and the arrangement optionally includes a
% GPct1%hdr /epadbp Boms| Fodhme t 5 spacéhehaogrpodnEron

f[}f.Gmtth.iSnS:Q.J./‘ébla%clSl’tﬁﬁorEIverage particle size is in the
range of from 20 to 200 pm. Most desirably the surface
area is in the range of from 100 to 400 m'/g, the pore
wolume 15 in the range of from 0.8 to 3.0 cc/g and the
average particle -size is in the range of from 30 to 100
jm. The average pore size of Etypical porous support
materials is in the range of from 10 to 1000 A.
Freferably, a support material is used that has an average
pore diameter of from 50 to 500 A, and most desirably frem
75 to 350 A. It may be particularly desirable to dehydrate
the silica at a temperature of from 100°C +to 8600°C

anywhere from I to 24 hours,.

Suitably, the sSupport')may be flexible or a rigid support,
the insoluble support is coated and/or impregnated with
the compounds o©F the process of +the invention by

tzchniques well known to those skilled in the art.



The conpounds of the invention may be fixed to th
surface of the insol uble support by pronoting e|]2 FEB 2001
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onpoun Jof formula I, for 440 exanpl e a substituent
if, Db Z and E of the aryl noiety, wth a
conplimentary reactive group present on or previously

inserted, int the suppor t i 0 he,s h
A e e
subsietent afet hﬁl:ﬁ:ﬂi‘rp(]imndthé thverr:mntumn anounae%uble

a 15 heterogeneous atal yst where the o of e
i MAERCTEn Lona iﬁpp 2 afe IS ahl_ n\c/i:i o 2o1 Qzlpnkaaqu the

SLtﬁh:aﬁw%EﬁBnﬁt heptiomslef , ianddées ana nebliureﬂ;ldnatlo spacer
group. The choice of reaction, condjtions to.l
COMPGEHG0ED SBAFR R SOBESUBE THEY pfrheasen Gllﬁbgﬁt Qwﬂrt
to the support depend wupon the nature of t he

substituents(s) of the conpqund an
S UBpoIeRoRIRIEXaApFES MEAGEIPE SABNPSst LEG) Bt 7 debiace

1.ds- ‘%héZbS?ﬂtééﬁtuhiE dagQhexrt ansh pﬁ;&@ﬁm&ﬁg sn@almmrt hef a
use of m xed anhydri des, reductive ani

befwnniioped. IACEBr BF A0 18 FiFt REPPELR i e, for

Presaniid NV enib Al cutin@Vides,t e s of opr ehesarel tbeety,
i nvent’i on wherein the catalyst is attached to

a
supqdan 2 30cPapinantany FRerELVed PSOWRenPERE=DF gallt ¢

i sl yRinsdf3adRine, the, BppokRd. Mhe %b&blﬁhl:lon of
a d R12 vvhen associated wth ther r resgectlve car.bon

at ore f 5PATEDYIPOSTPBP grdupdien DuUBEE DOoBF-N0?2 imentary
14834 tp%leﬁzgig‘]{l@@?’égﬁpo&ﬂd Wi CBhar @nakbnteant p@Svides a

sterically hrnderrng as t-butyl Steric hrndrance |nt
t hhet asgemer s casa YEE T él'}EpEQE‘PD‘.‘Lﬂde‘t SEYf gfrrention

g‘gﬁouﬁl ARShtboni MetflviGatahYskSge $doch GRNtdreether,
Art", l&%ters puJBI [ shew‘roll by Chapman and Hall 5
19@11:&1., amide, amine, urea, keteo group.

The choice of reaction conditions to link a compound of
the process of the present invention to the suppert depend
upon the nature of the substituents(s) of the compound and
the grovps of the support. For example, reagents such as
carbodiimides, 1,1 -carbonyldiimidazele, and processes
such as the use of mixed anhydrides, reductive animaltion

may be employed.

According Yo a further aspect, The present invention
provides the use of process of the invention wherein the

catalyst is attached to a support.

Particularly preferred is when the organic groups RY, RE,
R, m', R%, ®B¢ R, R% R, R, R and R when associated

with their respective carbon atom form composite groups
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These steric groups may be cyclic, part-cyclic or

acyclic. Wen cyclic or part cyclic, the group

unsaturated- The 10 gyclieior part cyclic groups nay
contain, including the tertiary carbon atom from
C4-C30, nore preferably C5-C20, nost preferably
2i0eiC]l Breardionl ai ONs ak N stheieythic histewehyr &s Thautyl,
ggc}ig ﬁtr cture may be substituted by one or nore

0BSTT ¢ UEDT AR et ey GAERS, I8 b, dbiqussedigt page
ORLO: @Go @f R'oredebuR TraGst Ol oPRIBLaNRENRASys G - A
Lg%%iRlGlt}l, SH1ft, C (OSR B, C (S) NRL6R17, ~ryl
BF kT, “hher efh R Yot 1R 8 R Shasudpefdemmey and Rall
pepr esent hydrogen, aryl or |ower alkyl, and/or be
interrupted by one or nore oxygen or sul phur atons,

or by silano or dialkylsilcon groups. 20 The bri dgi ng
Thawp Aledis Jroapy| ndPimw! Yoy Qlic,d pBR@0KY 1 S8 AP, 2GR |

be optionally substituted, provided that the two

@‘ﬁ%&p’ﬁ%‘? QoRénl Y9 dicad T 25 W s i oFb At dig ed

€6. wisubbeitnead 2rPasd t ERPSrofed NG PNEMY 11 950UR. 25 7h,e
Furt hernmore, the aryl noiety may be a fused polycyclic

TFOU eB° Hapht KAFEHE, IBPPRENFREN&E Wt ailRdeia clER APl Ebe
odrisiddhahderiirlentad, e ddoganrdscay e dss (Hedalhy! co-cap,
hosphi no) -q-xylene (also known as 1,2 his (di-t- 30
‘g‘tﬁ“yl p%%-ﬁ%%t Hp)Citpens@Raen 1aboRps in  khe cyclic
4 dhhadaimnt yIrpRosPhl NO i1 rBeRZEeNBe dudsDithited by one

(di adamant yl phosphi nonet hyl ) naphthal ene; 1,2 bis
{4 Terep LiSHBERRI AE)EEERY W dpake kneyAnas Bipro,
di’8, (de(b) k', 0 AofRE, 2Q0%, VR ( O BRA#834: o) wrl%RY?,  srl*,

PCTI GB20031003393, 2 tyl - phosphi th
%@?Zgﬁi*) ;€ W“r?i‘“?gl 2, r{’)ﬁ:ﬂ@%- HEF??E:%ESQEh%‘JO)m HyP) ach

caRey Addidd-aRal Inpatdiedi dgpiat & PhARRhI D@y,
may be bongded to a suitable polyneric substrate
and/or be Interrupted by one or more oxygen or sulphur

atoms, or by silans or dialkylsilcon groups.

The bridging group Ar is an aryl! moiety, eg. a phenyl
group, which may be opticnally substituted, provided that
the two phosphorus atoms are linked ta adjacent carbon
atoms, eg. at the 1 and 2 positicons on the phenyl group.
Furthermore, bthe aryl moiety may be a fused palyeyelic

group eg. naphthalene, biphenylene or indene.

Examples of suitable bidentate ligands are bis {di-t-butyl
rhosphino}-o-xylene ({also known as 1,2 bis {(di-t-
butylphosphinomethyl) . henzene) ; 1,2 bis
{diadamantylphosphiﬂnmilethyl] benzene; 1,2 bis
(diadamaniylphosphinemethyl) naphthalens; 1,2 bis (di-t—

pentyl phosphino}-o-xylene {also known as 1,2 bis {di-it-




via at |least one of the bri dgi ng group Ar, the I|ﬂ1@| FEB 2007

5 group A or the linking group B eg. bis (dl-t-- ut yl
wBNASMileq) - *- Xyl ene may be bonded via the xyl ena/gr2008001383

to polystyrene to give an imobil e heterogeneous

catalyst. The anmount of bidentate |igand used can

vary within wide 10 linits. Preferably, the bidentate

lig i }Msﬁ;ﬁﬁ% LEhAy Bemdstie)sucnd fais t2‘hé': r atii-g-bptyl
t he nunbseE; e 7

nmol es of the - bi teI r e
{ O PPEEIHUIRIETCIOT ) nDRBAE R G %ﬁﬁag B hR $iRhcat
pr E8800h115e fwﬂetﬁbn@(&de&o & &Qlﬁ&bmdpomﬁqﬂmlaﬁwmtﬁ
froml to of metal, Moire 15 1Qref %li]abll)é_‘ﬂklng
t hemolatnn‘!learféng@ﬁbfG%oh%%ui%‘a%dﬁn?r oP AR
élr,gulget;@l 45 kRet hfl,{ﬁ@@e gimlpl goe% 1, bﬂ@st{dl—tubutyl
erably in the range of 1to 1.25: o
Copheﬂplemdw—ﬂ AHeEngoB3¥bbPFi P?“‘?ﬁd api y?rﬁjg HELE |BRF
ant, apeMiIsL 1 cAhek brayehasnd et gsof
g% #-.Q,? tlfswoe ggcq)r\écon'pound of for rrulg I and hence
m nimses the consunption of these usually expensive
CORRQUAS, . SR Yonl fee ERIMY SisuDlcdierdzonision wide
aré prepared in a separate step preceding.their use
10i ndsimi 6isin Phefewaifony Ehei bRl dAgapfl in present in an
et ylgpteally ypsat that e cormount m@umasy,nf the

thé process “of nvention nay be carried out th
d| mlemitaget Heg@ndup}rVEEnB i¥et diheorEYRgo R mPﬁ%? e6’1aE &

Jef i n%g ELQSM tablg-golivert muGhk . asi @nao and
y roxy gro

of "NeFh p contal ni ng conpounds or a rotl N
30 motientsrpreVironslly bHesérimsdd par paPdi ¢l aFf ore

preferred, 1gol yg@tmg\p%q Renhbes £SiffpRinddChd poofrd I to
of 3rhes ecrfic carbony at1orn reaction eg c
Met mparrarm emélorl ott eh (Fhe P@Btgzgwfvxb]zo(:ﬂ/?oh mes

R34 P %ﬁzoqﬁ/ Qg%l%g gs Ea&bgn%agl 08)1andceonveniently,

su seq ue m Xi ng a conpoun of formula | _.as .
defthiedphaﬁgbrﬂnty' of applylng these lowy meolar ratios is

1

LN

advantageous, as it avoids the use of an excess oif the
20 compound of formula I and hence minimises the consumption
of +these usually expensive compounds. Ssnitably, Ethe
catalysts of the invention are prepared in a separate step
preceding their use in-situ in the carbonylation reaction
of an ethylenically unsaturated compound.
23
Conveniently, the process of the invention may be carzied
out by dissolving the Group VIIIB metal or compound
fhereof as defined herein in a suitable solvenl such as
one of the hydroxyl group containing compounds oI aprotic
30 solvents previously described (& particularly preferred
salvent wounld be the ester or acid product of the specific

carbonylation reaction eg. Methylnonancate for octene

-



The carbon nonoxi de may be used in the presence o

f
other 5 gases which are inert in the reaction- 02 FEB 2007

wExampies: of such gases include hydrogen, nitgQ9€Rse3001151
gon.
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carbon di oxi de and the nokje gases such as ar

Suitable Goup VIIIB netals or a conmpound thereof

which 10 may be conbined with a conpound of fornula I

| ity ] 0Gkaht anfi Ghelsegpaht Bdi Bimi £ NRAI HRRANE compound

pl t%ﬁyﬁ] Preforably, Epe Group VIIIB netal is

pat 12t 8% Yot théfeof - Suitabl e conpounds

"of such Goup VIII netals include salts of such

tals with, or compounds 15 conprising weakly

cOUT I VY "HHiGHSSdBPYvEE PFGH 1Ri thepcpragpmee of other

S pIIrkIG AT e |i0MeE ahkanei GebeRibR. ClEXaRSids oBUSken

as acetjc acid and propionic acid; sul phonic acids

SR S st e Hien &1 YSHHPERBNi B18REPYEN c hFa¥RRiu| PHHIde aa1d, the

fAdiIre0 14l RROR 6N 864 Gx gl f | uor onet hane sul phoni ¢ aci d,

20 benzene sul phoni c aci d, napht hal ene sul phoni c aci d,

t ol uene sul phonic acid, e.g. p-toluene sul phonic acid,

tsudriile seqRonicrracing AR & hy dEQXYRLAP e reaf which
honi ¢ aci d; . sul phonated ion exchange resins;

|
Egarﬁﬁapﬁc FEH S Hidd  percPGIPE i dformhha odendretnde

CegHaey | | ¢ naekes, SUGHIa%A2Em] i CRhQIRACEt lagqaci 81208 um.
trifluoroacetic acid, ortgﬁghosphorlp acid, "7
Ly racks SF6HPasVIbkhz 8réphosbhomiad ladigm apg @

aCiisger | ﬁfr?é?ceforf_‘?msdi@;%lgfl@c'i:ioﬁﬁ%upgg ween JLew %ﬁﬁ{pdsﬁl 1Tl
and Broensted acids- O her sources which may provide
TS elamiBits FHdisuder 3euthe meFeilsnatifth . hatogermpeds

teeianhenyl -.-IQQI'.A@& ec@@fﬂ%ﬂe\ﬂe%’nipﬁ;g derived from, niktric
perfl uorotetraphenyl borate. Additionally, zeroval ent

FetiHdi St RGPS @3 Bar LPeel arlyarabse (WPt HFa aBidle acids
ldigandss Gedrid ramny$@h§§ﬁéu&ei@ra@id<ﬁn§.§1 AL s
0 2 FEB 2007 WD 2001/1111134 PCTI GB70031003383 24

such as methane sulphonic acid, chlorosulphonic acid,
flvarosulphonic acid, triflveeromethane sulphonic acid,
benzene sulphonic acid, naphthalene sulphonic acid,
toluene sulphonic acid, e.g. p—teluene sulphonic acigd, t-
butyl sulphonic acid, and 2-hydroxypropane sulphonic acid;
sulphonated ion exchange resins; perhalic acid such as

perchloric acid; ; halogenated carboxylic acids such as

richloroacetic acid and trifluorcacetic acid;
orthophosphoric acid; phosphonic acids such as
benzensphosphonic acid; and acids derived from

interactions between Lewis acids and Broensted acids.
(ther sources which may provide svitable anions include
the optionally halogenated tetraphenyl borate derivatives,
2.q. perfluorolbetraphenyl horate. 2Zdditionally, =zexovalent
palladium complexes particularly those with labile

ligands, e.g. triphenylphosphine or alkenes such as



di benzyl i deneacet one or styrene OR .
tri (di beniyli.deneacetone)dipal | adi um may be used. BrideFEB 2007
w@ﬂiu?ﬂu%y be derived fromor introduced as ONPCTIGBRUG®H03IE3
of an acid having a pia ngasured in agueous sol ution
at 18C of less than 4, nore preferably, |ess than 3,
a salt wth a cation that does not interfere with the
renq%(ghgpl- Led®ind salts ogrlargely erigaene salts O
such as a']'?(y ammoni um and a_ precursor suchdas an
e st ibbaty LterrGastear | BoRAL\ATHe FexcProRS=d -
conditions to generate the anion in situ. Suitable
acids and salts include the acids and _salts, other
t Metre emdubshay the dlamirissk Franesr 13ggQdfcesy fig oM 5O HE =
5 quaptzll.t.y(su'?'fd UL Presehl hiab@ted 14 galied®st BOlution at
catal yl}l ¢ behavi o of "the catal yst system The | ar 1t
rati"e eff arEenthanpdl | merenPHeiEI®lye odfES| TREP500; 3, 5 -
preferably f.orom2: 1 t 0Q; Et-bcukanl ¥hir @amation,
tomt‘;b:al.é/wg?'e i aé éiﬁll%nq}% g?%\??gegbby a conbi natiop
ofe api dudGlarmh gz tor t hargehat PRaRpPco Pk OFh iz 2LkyL
acid and salt js ri.tical nLhonadar,hethat can
catHI3 sy St %qut Egﬁrsyééeﬁ%mﬁvﬁt iEian may be used |
10 hoppganebus| ynder hedetogemsodsFyonpr et eyaiiiata fde anton
catal yst systemis, U%&Chs hotpoeneausl Y128 Thge acids and
catll é%'f 'sys'tlem Of " thé present 1 nvention is preferably
coasttid,ut etthiem t huhaln quingupasened cheREPAE atEsmed 1oy ted
one or nore of the reactants or by the use of a
suft&tte solvent. 30 The nolar ratio of the ampunt of
ethylenically unsaturated conpound used in the

15T b7 AR YRG0 ) GoEERAMENO w0 e
catalytic behaviour of the catalyst systen. The melar
ratio of anion to palladivm may be from 1:1 to 500:1,
preferably from 2:1 te 100:1 and particularly from 3:1 to
30:1. Where the anion is provided by a combination of acid

20 and salt, the relative proportion of the acid and salk is

not critical. As mentieoned, the catalyst system of the
present invenkcion may be used homogeneously or
heterogeneously. FPreferakly, the catalyst system is used
homogeneously.

25
The catalyst system of the present invention is preferably
conskituted in the liguid phase which may be formed by one
or mor= ‘of the reactants or by the use of a suitable
solvent.

30
The molar ratio of the ameunt of ethylenically unsaturated

compound used in the reaction to the amount of hydroxyl



provi di ng conpound is not critical and may vary 02 FEB 2007
between wde limts, eg. fromO0.001:1 to 100:1

wo fakAdimels The product of the reaction may be mepanzingtizisi
fromthe 5 other conponeeis by any suitable neans.
However, it is an advantage of the present process
that significantly fewer by-products are forned
lplnewedbyng edoapognd his need foitifalt ked pumi fyocat | lerween

ter.-the initial as may be

epar e
é"\%flaenceai'sdy E't'g"nefgeneraaﬁltﬁy 5] gnllﬁ%canﬁfggrﬁﬁihi gher
selectivity and linearity. A further advantage is
that the other_c onentsvvhchcntamthect
SE: ShCGHEEN Ty BB PERFEIEN DY o | GREBUSFRAT SrbRere
g beaetlmwédtgnuyi Rl suppilEne mMeatn=on exfaw&pesh it is an
c tal yst. 1€ Preferabl , the car tﬂ%ng ation_is cagifdwer
aa age *?a%?%e HECREEN £EIFSE DY ¢
g;ef:.e:ﬁcabj:ws OGﬂEO f4Pfpd Nodizrpbef erathyih tthe350eed\n for
speci al | ef erred enperature i s _one
SRRSEEn BUEPEEESHET Stk Hib ot/ S TP £ G
paBdbet Cad Mg HeutevadeA0:A06erie denrenayusegnifi r:.drs:ly
articul arI advant a s to. be abl carr t
10 RIGbeF o Bontit aoraPGPELE pr ofer HERYS LT pvaitade To
edehonyat icdmelrs 6ok dech HaUt wﬁﬁ.cﬁ C&nmrrti ahepr essdinst
of |ess' than 15 x 105 N /2 prefer&bl)ﬁlf Sth
FHERTE YieE A% B B SREA yargﬁl ePer Fefsefg 1n turther
atARSPHEF WL H aﬁslufnalogu@pﬁeﬁnenthta&nx of0Brdkin 2atalhet.
reaction nmay be carried out on any ethylenically

unsat urat ed conpound i ncludi ng ethyl ene although there
15 iE&efSBatﬁuz.: Jinessi t:yaﬂﬁm@ma&genas isuch-asrtiledet lyptenat a

Pr ef er abl reacti on | refore sui or .

CaSeoh b ARG SReL! Ol 2oL DELE! Or.8 SRRl orc o
pnet e makiey p@%f@iabrpnmumds 35°The Amvepkicanlshoptsfdeed
%artl cul arly advant ageous for O

12, FEB 20500 WO 30°C
GBHITAGYSE 1 PE71E™200310t883 P58 FBnge” Gl kefes ;
sd¢hn Bsgdr<32f), 1Ry ecprigferiahliynCocda ebe MR&Srried out at

20 moderare temperatures, it is particularly advantageous Lto

be able bto carry oub bthe reacticon at room temperature.

Preferably, the carbonylation is carried out at a CO
partial pressure of less than 1% x 10° W.m%, more
25 preferably less than 5 x 10° H.mZ, Especially preferred

is atmospheric pressure or §,80 - 1.20 x 10° N.m™

The reaclion may be carried out on any ethylenically
unsaturated compound including ethylene although there is
10 no linearity advantage as such with ethylene. Preferably,
the reackion is therefFore suitable for C:-Cpp compounds,
more preferakly, C3-Cip, most preferably Ca—Ciz compounds.

The inventlon should be particularly advantageovs for



preferably, Cfl-Cl2 conpounds. The process may b
carried out on ethylenically 5 unsaturated corrpilgnEEB 2001

hav nore carbon atons such as C2-C20 :
183
'ﬁ% ét"oms or Cl1-C201 at OE%' The alter natw@%"gﬁm
c

range of carbon atonms in sucC onpounds may be taken

as CIDar C15 Or 012 in increasi ng order of

pref ce, nat.i f bon_
te_LnCElrg%% %lkzplgﬁ Egheggf EOE? esp_g glléanagreef%fra%%ry %n C1g; moskt
et hweéﬁlrééllhfy Cmfsatfummcemd@on'pounds may be Cy, C5 or

C6 in increasing order of preference. The

ethylenically unsaturated conpound is, preferably, an

aI Kidrte hawoorpd, @apr 3eor camriedcardnon- canboretdgilkbhécally

|.e such, al kene can_b
0 ongaR BBl edhoufde MY PHE" 2t TRERF aCaRBer; phigme soueh
i NAaud82-Qz0B @ildeyd  ad GECIR akphs gIOURS-Cldnl Ris@ns - The

ot h specified, the ethylenically unsaturated
oMt SIS FEPE RhbRT  RepEe ot e e dRo S cpp CgpPounds

camiagn tat omkerbeakl n@[armorclkgr anched, J.rbeiﬁdahbéé:i;ing eslrder of

be clic, _acy .cyclic/acyclic, and/
oA PHCg b e A B haTeh L eheohr Choper atons
1ﬂsub3iltate_-,nt30§el emeed Eforadouer sddods abyl, ethylenically

al kyl ar yl et, al kyl Het | o 9, OC (0),R20, C

(o)FRpttrptedy cgapot gSNﬁﬁgR%f (N5 )lwncwmg

ﬁRﬁ:}dwlfrer etEnl Iﬁl:'éﬂaﬁlei?é’mla egch?hé nd@;pg,nh g@eﬁtdgylgrepmgaaﬁrated
rogen ower_ a : efins thu ybst it ut

|ncCID Suggyﬁg'ﬁe %Eﬁwwfe% 'ed'% or 3 or

cafmaaxy bbebant dsrb@Et cimaa enBbhas rplalmatrrﬁ::-lecﬁmat ably, the

et hyl eni cal | y unsaturated conmpound may 30 exhibit cis

(E) and trans (Z) isonerism Exanples of suitable

et yyl enidtal hykansatdsmat g eeﬂp@mtdﬁed My Ben-substituvted,

ndependent|l y sel ected from et hene, ene 1 2 FEB
29%?%9\%?%0 Jg%lf“géw 0633 anid” €izo aryl

Jroups . Unless otherwise specified, the ethylenically

'LTI

i5

unsaturated compound may, when there are sufficient number
20 of carba? atoms, be linear or branched, be substituted, be
cyolic, acyciic or part cyclic/acyelic, and/or be
optionally substituted or Lemminaked by one or more
substituents selecked from lower alkyl, aryl, alkylaryl,
Het, alkylHet, halo, ©R", OC{O)R®, C(OIR®, C(0)JOR%,
25 NR™R™, C{O}NR®R®, No,, N, SRY wherein R™ to R*' each
independently represent hydrogen or lower alkyl. Olefins
thus substituted include styrene and alkyl eskers of
unszturated cerboxylic acids, such as methacrylate.
Suitably, the ethylenically unsaturated compound may

30  exhibit cis {(E} and trans (%] isomerism.

Examples of suitable ethylenically wunsaturated compounds

may be independently selected from ethene, propene, 1-



but ene, 2-butene, isobutene, 1-pentene, 2-pentene,

pent ene and branched i soners thereof, 1-hexene anﬂﬁiEEB 2001

w0 hRQAIElRSs 1-heptene and its isoners, 1- oct eneg B?ﬁﬁ@mﬂsa

10

i5h

20

25

a0

i soners, 1-nonene and i tssfsoners, 1- decene an
i somers, the C21-C20 al kenes and their known isoners,
3- pentenenitrile, nethyl-3-penteneoate, 1,3

Putadegnez-dudendentizgdhensns 1, &Ja@sﬁ@ln@ne 21p§ntene, 3-
éclohexadlene 2,4- | eptadi ene, 2-net

BEEASPEnend oPTRReRRse HTOmSiahi FiereRt rcoxrpla%%%e wipH its
liBomeds al yPIhS/Hsrem ahRY idlbsoibembenef iCiRlkehl and its
i.mprovi ng recovery of netal which has been | ost from

tAE"EEE al ySTN SR mA Pt ettt het s Ewral-ysti-dyserm japd  its

thinbzgg iERed d,i Gt dall Racdd ofndredhdiy SdehnStiakinkirzi NG
nEounds na assi st recovery of the 15 gng;f VI or

EARRLEFILe, aar AbPSRESNRGAIer el 3 Herlarigngst 1, 3-

@ﬁﬁtﬁﬂléﬂ@lUdQ53|nheﬂa$iéH@ d E§Q§t|9§cigﬁgﬁﬂaf%ne, 2,4-
EEF meric dlspersant dissolved in a liquid carrier,

>@oPyverd rditydel sritut20 i68Eng capabl e of
stabilising a colloidal suspension of particles of
the group VI or VIIIB netal or netal conpound of the
cHtal Y3t Sy stiehidichnd FMPOngsi #ithathpepatabystheystem

| heipli d1E8aGd ORe Rk UZh MaY, bﬁn@r&&ﬁ@enf:eé%efﬁeof metal
reacti on or may rise one or nore of the reactants

co
dtiqleabts oheph odaet s frrenthe vestakyatr cystamt sWhpd the
reaciiot  praducts inhiiquid shorm ymy, sbe is6ikhe ndiim

or dlssolved in a solvent or liquid dlluent 30 The
PRSI APl SpEIB aRPTPRINIS bR AFSERE |TeAATETY of the

reantd o edi gy gbideshoul d not significantly increase
the viscosity of theireaction nediumin a way which

would 0 2 FEB 2041 WD 2004101483A PCTI CB20031003383
Preferably, therefore, the catalyst system includes in

a Jligquid reaction mediom a polymeric dispersant
dissolved in a liguid carrier, said polymeric dispersant
heing capable of stabilising a colleidal suspension of
particles of the group ¥I or VIIIE metal or metal
compound  of  the catalyét system within Ethe liguid

Ccarrier.

The liquid reaction medium may be a seolvent for the
reaction or may comprise one or more of the reactants or
reaction products themselves. The reactants and reaction
products in liguid form may be miscible with or dissolved

in a solvent or liguid diluent,

The polymeric dispérsant is soluble in Ethe liquid
reackion medium, but should not significantly increase

the viscosity of the reaction medium in a way which would



28 be detrinental to reaction kinetics or heat
transfer. The solubility of the dispersant in tha FEB 2001

| qui di um under the reaction conditions gfrigpau03n03ass
wq ey
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re and pressure should not be so great as to
deter significantly the 5 adsorption of the di spersant
nol ecul es onto the netal particles. The polyneric
di spersant i apabl e of . i | JrSi-ng Qtl pkARkfer. The
sdgw?sﬁweaiaﬁa?ﬁ pradrigt g%d %F %ugé\/_lhgolr 10 VITIB
mes gl ulrt iRt al T censpalingpasisishicn imhetie gld ghice Raq g Unaer
medi um such that the. et pagti f d a pressure
reSif t THCLIAM| fgf'gﬂgjg?rgédaﬁafon tgrmgﬁﬁéﬁi‘gign gﬁgpeﬁsi on
i Nghheld | havi o east geaatredisuntandiedres db SerHdrigad Hyonthe
the- reactor along wth the lLiquid for C ti angdtal
152895t yofort e-%’s@?rrfar%kimnégjl?%% E{fgrkg‘%nttiq{éi es
of ..gai@yst. The netal particles are normally- of
colloidal dinensions, e.g. in the range 5 - 100 nm
average particle size although larger particles nmay
f ORIl Ny SO 1GRS €81 speR@ydnitonss ofcdpudlgol yherdt@bilising  a
di spersant” are adsor bed P%nto %g |t’lihe sc_lirf§§§dofgrgﬁg vI or
netcal lpadel cPEsPRRFISt Phe HPEMFHERr “'of "t he _
di $RekEaRLLIP! BEURESaT epmigball heastinpamis diilgpid resaction

solvated by the liquid reaction di um ' [ ¥Yult

t heediiypesyel §hatiptie B‘F’t%l F%rﬂg?jaﬁls pgg |JE': egsLQa?efﬂ%

st api | Lsef A8l AsiraliibhnGen hhedwahl sswfparisgon in  the

reactor 257or in reactor dead. spaces nsqlch\?ﬁ%ai NSt from  the-

f oriiiamgd aggpehbrat F&BMefBl paFEi cTESTWhithH may

gr QWY_BY. ,rCOLh hakONyPEn Patkd cl BSqail eent ustdlpmation and

coagul ate. Some™ aggl oneration aof partigcles

everptiipngRdy prisfenEe Ut énsﬁialj%ﬁ’lgg %‘l”éip %%aﬁtﬁxgg%{:ﬁsi ot

when LR di Spaisankthyppaabdc Bl concemrmililon Gfs colloidal

optim sea t hen such_aggl onerati n_ﬁgﬁgl dm be_at

r el dinepsiipnsgnet By et tIﬁ'élgﬁggl 0 t 8% My

onlyigﬁoog,fhymfgq, t hatgelhgya fE-1Re hiokefoup and stive cases.
C

articles redi'spersed_by agitation
g Portiens of Ehe pnly%ergc g&spersant are adsorbed onkto

?%r};r)ﬁrtiCIE

the surface of the metal particles whilst the remainder
of the dispersant molecules remain alk least partially
solvated by the liguid reaction medium and in this way
the dispersed group VI or VITIIB metal particles are
stabilised against settling on the walls of the reactor
or in reactor dead spaces and against  forming
agglomerates of metal particles which may grow by
collision of particles and eventually coagulale. S5ome
agglomeration of particles may occur =vel in the presence
of a suitable dispersant but when the dispersant type and
concentration is optimised then such agglomeration should
be at a relatively low level and the agglomerates may
form only loosely so that they may be broken up and the

particles redispersed by agitation. -
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29 The polynerip dispgrsant may i nclude honopol y EEB HMf
wo e ceRol ymers includi ng polymers such as grgddicroeus/io033ss

copolynmers and star polysers. 5 Preferably, the

pol yneric di spersant has sufficiently acidic or basic
functionality to substantially stabilise the

col | oi dal suspension of said group VI or VIIIB netal

or netal conpound. 10 13y substantially stabiljse is
nEiht POHATSERE  PHRGISIANE | BRY of 1T ohpMOPOLY 8T | BT
nedpl] =@ t 1190yt i pRRase LscisURst iairl | Yopolymers
avoi ded. 15 Particularly preferred dispersants for

t % FApESEYMERE! ude aci dic or basic pol yners

i ncludi ng carboxylic acids, sulphonic acids, am nes
and am des such as pol yacrylates or heterocycle,

parafeankdany HRE r RdaTERd Cor 8bgRIES AU SEF uFREEiciently

PO MMINYdr POt MBI B3 HGRnasi 20 Pal ¥YubBYhn YLTR} | HONE 18l:e
copolyners of the aforesaid. Exanples of such

pEty et koidiadparsanrsiomyobesal egt @t W gin VIIID metal

POt e vl @ein?e{:ﬁ@pne, pol yacryl ani de,
pol yacrylonitrile, polyethylenimne, polyglycine, 25
pol yacrylic acid, polynethacrylic acid, poly(3-

hier oxybsd ddrtGagh d) . Behy¥ilsdLUCI €, peant that the
pol y- L- net hi oni ne; poly--L-praline, poly-L-serine,

perSRipitiatdennet R yITeRy| BEnAheSti BhoRrEahe faymaride

PQd {3y I3l RNORI b AGIND): 239 PREEEAAP! Y, the _
pol yneric di spersant incorporates acidic or basic

noi eties either pendant or within the polyner
backbonA afivef erakl ¥rod heq@ehdi Lo i8S haM& @ purpose

include acidic or basic polymers including carboxylic
acids, sulphonic acids, amines and amides such as
polyacrcylates or heterocycle, parbticularly nitrogen
heterocycle, substituted polyvinyl polymers such as

polyvinyl pyrrolidonz or copolymers of the aforesaid.

Examples of such polymeric dispersants may be selected
from polyvinylpyrrolidone, polyacrylamide,
polvacrylonitrile, polyethylenimine, polyglycine,
polyacrylic acid, polymethacrylic acid, poly{3-
hydroxybutyricacid), poly-L-leucine, poly-L-methionine,
polynL—praiine, poly-L-serine, poly-L—tyrosine,
poly{vinylbenzenesulphonic acid} and peoly{vinylsulphonic

acid) .

Ereferably, the polymeric dispersant incorporates acidic
or basic meoieties either pendant or within the polymer

backbone. Preferably, Ehe acidic moietises hawve a

e
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di ssoci ati on constant {pKa} of less than 6.0, mdt & FEB 2007

referably, less than 5.0, nost preferably le
W'3-?‘gE!J”{”'ﬁ‘lséferably, the basic, noieties have a bgégkﬂﬁﬂmﬁmxma

di ssoci ati on const ant (pKﬁy bei ng of | ess than 6.0,
nore preferably 5 less than 5.0 and nost preferably

less than 4,5, pl{a and pKh bein asured in dilute
aQG]éBEQC%%T-{RI} orfftstaps (PHe} ab?% %sﬁm?‘gén gb, more

di gRersaabsy, | IeROdiHION 109 hekogprepindyle ilaskhehan 4.5.
reaction nmedium at reaction conditions, 10 contain at .

| edseLaprbhes dFie oP2BasSi BOABE ey, NaFE har PGPt ALASPREATHOT
polyBE-RACkBRNE BEiAS iPendant tid:0up. o Vemohayerkoupghly
that polyners i ncorporating acid and am de noieties

|
5 suéﬁsﬁstgépy§hﬁyﬁﬂ9rEPPFdBﬁﬁf%¥ﬂH%Y HFFS $HPVadryr aPEs and

suglh as. 0] ¥askyrba a6l 8 [FANageBulbsnidi clar kyoc.
suitabl e. "The nol ecul ar wei ght 'of the polyner which
is suitable for use in the invention depends upon the

nath @, 0f o t e rgactilonaedbim.and the  g@ubidd t ¥00f being
t he poFyner therein- We have Eound that normally the
averagslepliscthe werghion smpdiymt Rhn r2eckden oggnditions,

10 Prefeably, ad hq auer agge milsoylar o Weinght oi Sndikty,heeither
range 1,000 - 200, 000, nore preferably, 5,000 -

10071000 Fhet nelameraflagkbepe00g As4® Fndany, MRYRs  He
Pr ¢f.grabky, | r 0:000,50:80,9P0ng MEEd and amid
pre E%éb %hmgo?ﬁ%B ?Q%ST%Oa whé# VP is_%seg and of S
t hewodetérsof 528 1, 009 - HOYYOOYERYrdklishse of (PRR)  and
The,__&f, i on ratjon LLsper. t WA n
(oS eSE e LORRE D) R i ey o ere
15 r egetbtonhtat by ystuidydtlem whi Be | snlgoBéapsetriad TRE the

igﬂﬁ?ﬁgg 90 VHJPYSXngﬁlgEt 1?n%xebeiﬁquﬁﬁrggvention
romthe liquid streamrenoved fromthe reactor e.g.
y depends upon the nature of the reaction medium and the

d

f

b
solubility of the polymer therein. We have Found that
normally +the average molecualar weight 1s less than

20 100,000. Preferably, the average molecnlar weight is in
the range 1,000 - 200,000, more preferably, 5,000 -
100,000, most preferably, 10,000 - 40,000 e.g. HMw is
preferably in the range 10,000 - B0,000, more preferably
20,000 — &0,000 when PVP is used and of the order oi

25 i,000 — 10,000 in the case of PRA.

The effective concentration of the dispersant within the
reaction  medium should be determined for each
reacikion/catalyst system which is to be used.

30
The dispersed group VI or VIIIE metal may be recovered
from the liquid stream removed from the reactor e.g. by

filtration and then either disposed of or preocessed for



filtration and then either disposed of or process
for r fl 2 FEB 2097 WD 200-1181183- P ?]ECI:EB 2061
WO ZhiP@ThBR20031003383 31 re-use as a cat al yst rom/GR2here1383
applications. In a contiXuous process the liquid
stream may be circulated through an externa
heat - exchanger and in such cases it nmay be conveni ent
te-hocatee fial t eaBalfpst t e path@mﬂtﬂnpﬂiqgéﬂpbéles iyt a

th [ | ati bl ., t o
DR eULALLL, AT ShtfuaPLEL DY WP corce

1000adn N epmhenabkyt- dae:h/mgnrl gndndn -igghlﬂﬂﬂﬁfstlt

pr ef er abl bet ween 1:1 and 2 Pref b

Bory e: oo Rk 1 3FBCY nPUHETS Gt o Gopu L
5 9&@%@&%3& Vn Whelse éﬁ)ﬂ-;:umasﬂonplaﬁp&rabm;/, up to 200.

The follow ng exanples further illustrate the present

15 invention In the exanples, various |linear esters

w&&@eﬂilﬁlﬁﬁred:}feromnl@ﬁebmmmwiade apdtibe in g/fg 1is

| k h f
RpRMERY CLF oot 1500 1 hetpo P RORF R b B oL

40031 YacWHBERr gpieBehbishk | baewesn ng idrli ed aadd EDD 1.
degassed Schi enk gl assware._ 1- octen was, drj over

10 FoRieteay e BHe PR TR AR T Bt M i e o
angan. mdréogesenta 1Al drupcht: was, DMbEflﬁﬂebyrably, up ko
distillation. Methanol and deuteriated nethano
@R%rich) were dried over nolecul ar sieves. Tol uene
was distilled fron1sodiun1dipheny| ketyl . Anisole

drich) was n ri ed s de ass
'b%blfi‘:‘ﬁbméjr‘@%n %ﬁ“&“ﬂr&ﬁ LG rsyHR e present

15 {#&=rttghbut yI phosphi*no) xyl eae (Lu0|te Internatlonal)
was stored and handl-ed in the glove box due toits

air sensitive nature. Tris(dibenzylidene acetone)

In the examples, wvarious linear esters were prepared from

carhon monoxide and the appropriate alkene wsing methanol
asz the source of hydrozyl groups.

20

All experiments were carried out in a vacuum-argon Schlenk

line using dried and degassed Schlenk glassware.

l1-octene was dried over molecular sieves and degassed by
25 bubbling with argon. l-dodecene {hldrxich]) was purified by
distillation. Methanol and deuteriated methanol (Aldrich)
were dried over molecular sieves. Toluene was distilled
froam sodium diphenyl ketyl. anisele (Aldrich} was not
dried, but it was degassed by bubbling argon through the
b syringe. 1,2-biz (di-tertbutylphosphino}xylene (Lucite
International) was stored and handled in the glove box due
to its air sensitive nature. Tris(dibenzylidene acetone)

dipalladium {Pda{dba)z) (Aldrich) was used as mekal



di pal | adi um (Pd2(dba) 3) (Al drich) was used as netal E
2 FEB 2007 WD 2004101483A PCTI CB20031003383 32 0 2 FEB 200

precursor and it can be weighed in air because_ jt_.i
WOWH1EAs Chromat ographi ¢ gnal yses were carr i‘i’ga-ﬁrb[%ﬁ%mmmjﬂ

an a 5 Hew ett-Packard 5395 series gas chromat ogr aph
equi pped wth a flane ionisation detector for

quantitive analyses and a Hew ett-Packard 5890 seri ;
TaRES QU | OBOdatect PPordeRErL at va MAndTyeaRt 160 1°
Whenatt e, substrate was but adi ene the sol ution

preparation was different. As butadiene is a volatile
liquidit is nore difficult to manipulate. it was
copgdenselrdddithdapgh aduahaty Sehl efkrd ubeaed@ded dut on &
liquid nitrogen and then transferred to an autocl ave

5 coBFRHE T i ERrkadet one2lr P EREES 15 hatFr OFRECELERTy t TR PPed
sol,ukj ORS fAQREAIIRLHAGat DbV EACL IR PF@Pafesht it we driddses
and degassed Schl enk tube and then transferred. to.the
aufBe| avEsW IOt THRAKATA yEPE EBFLTT cMestef el et uiEector

f olgh pWgu £ + {t3RR) nafgsds 2- his (di-tert-butyl
phosphi no) xylene were added to a Schlenk tube in a

gl ove box. Methanol 25 (typically 10 cnB) was then

102dgedn Wehb SnsyFidige and Huheasehst tRE WasSutEsHESrapdintion
a heat gun to dissolve all the solids. Once the ﬁébgt is
)

vwa¥agodiéderene- subst Patadiene &ar BofpHatidR 2%

angm?EtQQQQiéHhPhQBi9m§§b@l£ﬁ@¥9 Mer gzaddeddenbed into a

experiments were carried out under_ 30 various partia

pr essemekedfSehlaadn throxratedndn al 1a9dd | BhsTogen and then
t enper kUL &S0 | Fo aadlr hedo@nd-cdegassed ifl ask. addedhetdie ice

carbon nonoxi de was typically bubbled through the
15gobkathon with a needl e. Were, as in nost cases, the

The catalytic solukions containing toluense wexe prepared
in a dried and degassed Schlenk tube and then tranzferred
to the autoclave.

20

The catalykbic solutions were made up as follows

Pd, (dba)s and 1,2-bis (di-tert-butyl phosphine; =xylene
were added to a Schlenk tube in a glove box., Methancl
25 {typically 10 cmj}l was then added with a syringe and the
solution was warmed with a heat gun to dissolwe all the
splids. Once the tube was cooled, the substrate for
carbonylation (2 cm?) and methane sulphonic acid (M5A)
were added. The experiments were carried out under
30 wvarious partial pressures of carbon monoxide and at
various kemperatures in a dried and degassed flask. Then
the carbon monoxide was typically bubbled through the

splution with a needle. Where, as in most cases, the
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reaction was carried out w thout toluene using onp

wo WRiaae! as the solvent, the phosphene |i gapgpseaioassa

10

is

20

25

g

added after the catalytig solution because it is
insoluble in the solvent. However, the phosphene
ligand can be 5 dissolved in nethanol when the
SQlditiican weswapEediedhanfut etlkAveE useTuaves e umaeg obnly
stainl ess steel or_ hastell oy he cl eaned

T . .
RAEREd i y L0t ROAKPBE, T ePRARER ot SHE ahd ar | 8gded

AftaAN AVeNcalAside: t Bemtianl bgtags |iveis Wassoluble in

i ntroduced with a magnetic_stirrer- The whole s.ystenhE
e

Wi AUYESE (t hr BOVETRY WitPR cRPBBRNHBRox I LnFaPh

dakRn @ ihenaPRESHT iwald RhessHletidher s stard . was
then held at the reaction tenperature for between 3

and 10 hours and then cooled in air. The yell ow

B Uh@Bc119:9bt adaed Jars anedey/sedt: byt @oniMss Thiteel or
experinments conducted are shown in Tables_1 and 2. .
e eddtint s SFhedal MEEP uiteBRpduntleqs sgdmg LY VeR Hhgacids

A0St Tl e ALec P asbedridd MDI £8. ofdl€. SOTKEN8ei Shem, a
given 20 in m. RT stands for roomtenperature ie.
obEs THee pefzentlgeWoRie s FbBn 4 MeaR=E pr S54FBRT of The

48 AP HenP fuass Uasishatete iy e 1gsk by b e ekt indRoxide
whereas the selectivity is a neasure of the

andd cElewi E9keR EPnddf BRFBBRVFER cBIPFOYRt. [Df Fyshem

FEPrepant akian aef dnhe re2ochbneatinBbanehed £ati Bebfieen 3
such carbonyl ated products. The total volune is the

ol ke sTunvt @3ds ise ¢oPRR B 2iTibstTae et selution

QL NEWS Gras Shal §9dd. h&cpakl adi um source is
Pdy(dba). Exanples Iiand 2 used 4x10 Snoles Pd , a 3:1

30 ratio of ligand: Pd and a 10:1 ratio of

A6 doRgbl AMWE  EBnd@Xa| £% 3sho@dif 4Gnle8 of and 2.
Pd(dba) was used. Exanple 3 ]

The amounts of palladium compound, ligand, M52 and
substrate are expressed in mmoles. The solvent is given
in ml. RT stands for reoom temperature ie. 20°C, The
percentage conversien is an expressicn of the amount of
substrate converted by  the reaction whereas the
selectivity 15 a measure of the selectivity to linear
carbonylated prodoct. 1:b is a representation of the

linear:branched ratic of such carbonylated products.

The total wvelume is the volume of MeGH + the wvolume of
substrate f(unless otherwise.stated). The palladium source
is Pdy{dba}. Examples 1 and 2 used 4x10 "maoleg Pd , a 3:1
ratio of ligand:Pd an@ a 10:1 ratio of acid:palladium. In
examples 3,4 and 5 45.7mg of Pd(dba) was used. Example 3
untilised a 10:1 ligand:palladium ratio. Examples 4 and 5

were carried oub at a 5:1 ligand:palladivum ratio. Example



utilised a 10;1 ligand: palladiumratio. Exanples ?? FEB 2007

and 5 were carried out at a 5:1 ligand: pall adi um
rati o. Exanple 0 2 FEB 2007 WD 20041014834

WPEHH3MIA3/ 003383 34 6 used 4x10- Snol es Pd , A TAFRH0I008

10

ratio of ligand: Pd and a 673:1 ratio of
aci d: pal l adium Exanples 7-10 were carried out wth

73. 7ng_of Pd(dba) with |igand:palladi um.of, 3; .3Ad sna
ach dupf | 4hereto R ’Ex%n‘gl‘gs 2350 B0 Lieha 80 ap e
owt_ Wit h A5 70E akiPdfiia)divem.5_Exhingdesl: pall agirgmearried
ratio and a_10:1 acid: palladi umratio. .The 9.1
| S ORIER | 43P e TRE (BUFAnco Bl OPIRE RL A (of
byatde.ci@ifanelaisal ventioThe wibsiplate 1apds were carried
tenperatures are varied, 1

0 0 2. FEB. 2047 2 110, -
7-9w3-viHcTAEESNg 0o B 1P fbR 3y P 3En B?V%p\éy?l%dgm”‘g teio
C mEY 1b: € Cofal GOU 119V 7a€iaC Ni1heC sbEtEatlyiF ghoun
co00C00 C." LLCCCS Tt ce ' =F8ET.
a & N"@odem d EhE doglance sof velume | 1 “Jeader BB (B
Y NYoithdhdh NsoQuelt M ~ whe Eisudst@ale- @id MbeRperatures are

wvaried.

—
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Conpar ati ve exanples 1-5 show the effect of carrying

out
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the reaction at a relatively high tenperature and
bar pressure. Selectivity is generally at nnderaﬂﬁﬁ FEB 200

l evels, in 5 conparitive exanple 5 when ani sol g
WORMHHAEdd as the aprotic sol vent. However, af?'léﬁ%%/%muﬂsa

by exanple 7, an inproved g%lectivity and |inear:
branched ratio is obtained when the reaction is
carried out at roomtenperature and 1 bay: pressure
wi t hout the use of an added aprotic solvent. 10

FuEhhies fiF By ascshaw: hy-texampl ey ef Riav | [gamigimg out

selectivity_and |linear:branched ratio i s obtained w
3 tBet Enect At ristigh FRASFATELGrEThCt BT P ongr 0 P

m%?@ss@ﬁépurﬁe&eﬁ:@ﬁﬂﬁ.lﬁﬁ hewspré €N agR aeBeeats obevels, in
after 3 hours of 29.2. A simlar iituatLon appLL8S .5 the
Swi CRAMPaEHetTe t FAP I atp s SR IFelEt 658
1- dodecepe schxanpl e 1@0we0ss! i tat esheud epgateafmple 7, an
exanple 7 except that the itessuye [ raisgd 10,30 . ioed
baAmPFevadh ot ¥ Bd VidFedPhdt "eAT PIRRCTEe TAE Pt BF
| oOWRERNELE NE=dBaCH QR kAkeika SEfLLONURIESIitenpeahitere 3and 1
hours and al so significantly |owering the

20 .
| | Wear Prepaneh e thatto. Ll Pisewadigh ABFeERanpPEEent -

1011526+ nEXa0PL €5 211- d3cus ehAt eckomphe 93Mea eXgigiiilaeay high
carried out in relation to l-octene but at variable  ,_
t efgdeativety oind, Limeaderagghedosafigny § hgREined Wi

eXReLLAENt S51thbug@n figadickyebe Seefathaln Loweslidi@dt hehich
tenperature of réaction decreases the reaction rat h
andccascbediEayl he| dpEr PrFENERAR e APAYRT S IWhVE S o ovEs

af tgr f’gb.h?.urs'ﬁ HOWRY £4 §§!tﬁﬁ£.i¥ri1t)§pﬁmﬂes with respect to
| i near: branched ratio continues to show an |nproveneE£ 10

15at B@mpdeh Penpekelt uresiabgssi kPl al-dedqedicof  BxATP
ex%ﬁi‘s@@hﬁé!‘ﬁ% G &FF Qubarbile €20t GR I4mlb thkt Bressure

respect to 1 ecene and refating to tenperatures of
rodra wedpedaterd) bar andt Gbopddpeetpeiad) thadaithis nas the

exceldent sel eGtdVidy vas HQuRdi0n2 BEB 2007500 conversion
20041014 &34 PCTI G(B2003141(13383 37 .
afler 3 hours and alse significantly lowering the

20 limgar:branched ratio.

Table 2 shows further examples 11-26. Examples 11-13
relate to the same experiment carried out in relation to
j-octene but at variable temperatures of 0, 10 and -30°C.
25 From Ethese experiments, it can 7Teadily Dbe 3een that
lowering the temperature of reaction decreases the
reaction rate and, acecordingly, lowers the pexcentage
conversion after 2 hours. However, selectivity and
linear:branched ratio continues to show an improvement at
30 such kemperatures. A similar series of experiments was
carried out in examples 14-16 with respect to 1 dodecene
and relating to temperatures of room temperature, 10 and

0° respectively. Again, excellent selectivity was found



at all three tenperatures whereas the highest
li near: branched ratio is found at 0C. The sane sefl oFEB 2007

WO sMpeisRENt s carried out with respect to 1-hexenguhddsuniiss

10

15

20

25

30

exanpl e 17-19 shows full g@pnversion within 3 hours as
well 5 as 100a selectivity and greater than 100:1

i near:branched ratio. Unsurprisingly, the increase

b chain | e;gid: frommbenene=t0 degleeane resid t s Highest
| ower reaction rate and naychssin be due to the .
SERRRE Miardhsd F 6V ife T B tHe Plosphiie FRYEndSbuf

Lhbsrdpes Noteaahfieat Lhe effircacysplProf cdhel pioeass. in
Exanpl e 20 shows that even 1-octadecene has 100;:
SuRBE1S Vi iyl Sakicyrefnbt TR IEDOWEERID HfhoYTHas well

aBr apehed IQdust yabnf 0gRR {@MPaMALUA B0 : EXRIRLLS: Hlankhed
26 show |inear (carbonylation of the 1-a|ken§%?results

F8ELiobr deHEPEl Hegds - afieWL BRIEHE et eftdidh math from

RXA0RE e£2458RNEnM00dsSPELCHL Vit YowEXanRket2dni $aBe and
variation on exanple 21 in that the.carbon nonoxi de

ma¥p&egatb- by ebet RBes drutihsn st‘reatiﬁerhﬂ'ﬂﬁ*aﬁnﬁabmr@aided by
tHE O 30lH 119Ranknbhbi ShSC DRk ﬁotZfoéc@pf’ﬁ@resfﬂihﬁtcy
(0]

the starting substrate has sufficient tine
PEoklt iR S5Si%or to carbonyl ati on, presumably due to

the I|ower rate of exposure to carbon nonoxi de. The
ressure of the process is shown as total pressure in

Eﬁﬂmﬁbfl 02 phewst hitdefs &§ervallesctergeFpaecohas  100%

REESSIH-Bi£ 25 AgePr dighgbyerthechgsul t5 shaw thataric  or
contrary to prior art teaching, it is not necessary

L énea¥y Hrangh =caPEBAYFhat ForFoBy CEREREASTRY- t SHpEYRIET &1

Ok SREPON RO AeLRAY AR on RIFCESHN €—al Red@FftrediN@s for
exanples illustrate that poor 30 selectivit oor

. S y and
Praeghed ldwaRicngndarith Hre PEERE1AR oF neraRlw 20 %hou

saResAtdHas 13d pﬁﬁﬁ@ﬂi@%qﬂ&@ bh@hr SHEPEL SOAH Yample 21
etter selectivity and |linear: branched ratios are

iBukdal ntheh&arenpe MengrédandspPes§§are OFaRgddeofs g ion
FAVES | Oihn OnduifiER ZWDugh solution. in this scenario,
it appears that the starting substrate has sufficient tims
to isomerise prior to carbonylation, presumably due to the
lower rate of exposure bo carbon monoxlde. The pressure of

the process 1s shown as total pressure in tables 1 & 2 but

this is equiwvalent to the CO pressure.

hceordingly, the resulks show that contrary to prier art
teaching, it is not necessary bo carry out carbonylation
by increasing temperabture or carbon monexide partial
Fressure. In fact, the examples illustrate that poor
selectivity and poor linear:branching ratios are found at
increased temperatures and pressures and that surprisingly
hetter selectivity and linear:branched ratios are found in

the temperature and pressure ranges of the ipvention.
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carbonyl ation is neant carbonylation at the 3- al ﬂeﬂngB 2007

wgiﬂﬁhﬁ%stﬁ‘e carbonyl group al pha to the O car pefcEbeimoisd
and not necessarily the absgnce of branched product,

5 where the starting material is itself branched. The
reader's attention is directed to all papers and
docurents which are filed concurrently with or

previous to this specification in connection with _
t Hiys lapphicc airbnnahation whi cheaitte epdPtigahdss @t the J

| NSRECL! 00 BN (T 0, MRGH €BED 0BLpART LN IRONE PNEgrbon

of® sach papers an cunent’s are incorporated
herteinn abyl neteneneesAbilpfthehatieacar o giraprheddpraduct,
this specifi [Wely! el uding. Ay LaeaeRRanyi ng

3¢l s, %gﬁs?ggc%l% 5t %é\%inig%), and/or all of the
steps of any method or process so disclosed, may be

cqbi ned i n_any conbinatian, a CQuEbi paf i s and
V\hqﬂ%e Arafehst 5% 516 ugugh f%g%‘%‘%g% and/ or s?%;p;rare
Midtaineyitex ghiish vere 20i lfac kéheatert ki stitds ey mFerhpys Eo

speci ficatian _(jncludin ' ACC 5 isPB+1ien and
DS P At o b ht) S SO e A ca PP j
10 al derghat | weef eadpmmes ser vipupltine sanepeceln valvetdh or thas
sim |l ar_.purpose, unless expr.e y a h 1.S€. and
Th"E%e,c%ﬁFé‘% By pPEss|y %t%\?%tde%g{sheﬁvi égg nglccglt ée%\étﬁufea
di sshagedsi srenenexamptat@nhyrein doyermditrenseri es  of
equi valent or simlar features. The invention is not
restricted to the details of the 30 foregoing ]
enppdi nENt ($)e. Fheripventdiemlextendint oty Irmayfication
one, or any novel conbination. of tfe.lggatura%tmﬂt and
u

15 gi §P1948E PN t AP spREPPTRABA (i el g any
aceeqaanysing shayes, =alst efictthandsdemai ngs) anpr naktasy or
0 2 FEB 2007 ¥R A0Q1014831,: EGRRPO3! 038 mbi nat son,

except combinations where at least some of such features

and/or steps are matually exclusive.

Each feature disclosed in Lthis speciiication {including
any accompanying claims, abstract and drawings), may be
replaced by alternative features serving Ethe sSame,
equivalent or similar purpose, unless expressly stated
25 otherwise. Thus, unless expressly stated otherwise, =ach
feature disclosed is one example only of a generic series

of eguivalent or similar features.

The invention is not restricted to the details of the
30 foregoing embodiment{s). The invention extends to any
novel one, or any novel combination, of the features
disclosed in this specification {including any

accompanying claims, abstract and drawings), or to any
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wherein: Ar is a bridging group conprising an

optionally 15 substituted aryl noiety to whichgt
phosphorus atons are |inked on avail able adjacg@?FEB 200
carbon atons; A and B each i ndependently represent

| ower al kyl ene; 20 K, D, E and Z are substituents of

the aryl noiety (Ar) and each independently

ceepgesent hydrogen, |ower alkyl, aryl, Het, halo,

cyano, nitro, OR19, OC (O R20, C(OR2", C(OOR22,
NR23R21, C(O) NR25R2s, C(S)R25R25 SR27, C(O)SR27 or

_1J ABHERESER2 4o R daﬁfgjﬁ( ﬂt%F%:g) a%erﬁ" 8?83&§n1cally |

Bresents | oner 25 al kyl ene;
atpeatedy nFRmPEUﬂDSathJEht oget:hessvm thmpleésear beBacting

§5955C91C§uheelﬂ{ jheﬁi Qli]ﬁgunv\ﬁgaﬁap éo%%%r%gggtWErbcn

forma further eny

7004z bdeg3In PCH&W%B a4 ZBodONalE Yoydroxyl groups

%H%sbltuted g% ax_nore substituents selected £t o
rogert F3WRIYE ﬁ?sqﬁﬁﬁxt%%aﬁéFa%FFﬁQEY&FﬂE,ﬂhthinahle

mﬁ»cﬁﬁﬁﬁnfhge) R21, C(0) OR', NR23R2a C (O NR75R21

C(S)RzsR2e, SR21 or C(O)SR2"; 5 R to R each

i ndependently represent |ower alkyl, aryl, or

t@,ﬁ&? e L t .h .
83 Lo e pack sadeaeutoft bt LoRERSI": ?R%‘?E% and
h#bse%tbldﬁmtﬁtﬁdEbenEhnﬂéyofegeaeeal rpiesphorays,
arsenic or antinony and in the latter two cases
references to plgosphi ne or phosphorous aboye are 15
anended accordirndty ; wherein the carbonyl 3¢ion
reaction isPg ed out at a tenperature Rgt ween
-30C to 49C andgunder a CO partial pres Ez_of | ess

Ll

than 30 x 105 N. M ZQ:';Q«-—{KD]M{EZ]—B—Q

v F

wharein:

Ar is a Dbridging group comprising an cpticnally
substituted aryl moiety to which the phosphorus atems are
linked on awvailable adjacent carbon atoms;

A and B each independently represent lower alkylene;

K, D, B and Z are substituents of the aryl moiety (Ar) and
each independently represent hydrogen, lower alkyl, aryl,
flet, halo, ecyanc, nitro, OR', 0C(O)R*, C(O)R*, cC(0O)ORZ,
NR¥E*, C(O}NR™R*, C(S)R¥R*, SR¥, C(0)SR¥, or -gJ-
Q?{CR* (R™) (R') JCR* (RY") (R*} where J represents lower
alkylene; or two adjacent groups selected from K, 2, D and
E together with the carbon atoms of the aryl ring to which
they are attached form a further phenyl ring, which is



2. A process according to claim1l1, wherein Rl to
each independently represent ClL to Cs al kyl, RE%EEB 2007

al kyl henyl (wherein the phenyl group is op
“QGB‘g‘fq'f"B‘t'ed as defined hereln) or phenyl (V\heﬁ’gi%&q{zh 003383
25 phenyl group is optionafﬁy substituted as defined

herein). 3. 1k process according to clains |I. or 2,
wher ej n ElB_each i ndependent | r%ﬁ%esent
S

R. to .
noPE'SUBEFut SYPEEI BTG BY ky PRBuch® as™HET hy PUPBFRYTC"
n-@émtydb cesdl imnionr@rralwbl ﬁeapl mobgtyhlkjrsﬂ-bml@d ,4cyano, nitro,
tert-butyl, tyl,. hex an cyed ohe 2ad. =535
pr%%legss &é@?ﬁ%}ng tcdc’éﬁ)%lfpr eq:'[é;HiD;éQ scl df R\/\hergfw}m{ B
eaghs af**di#ie gpdups Royse®R3, R to R6, R7 to R9, RI1O0
to B 2 FES 2DB? WD 2101101-183- PCTI GR20031003383 43

"R12, R13 to R15 or R 6 to R18 together independently

mey? HOrar Gy CirldiGlidhesySeeprasemdardmdy| alkyl, aryl,
1-norbornyl or |-norbornadienyl. 5. A process
ace®ri#fitig to any preceding claim wherein 5 each R
to R1 group represents the sane | ower alkyl, aryl, or
Het nDietéﬂas defined herein. 6. A process according

C

t oRAnyEpr Bledtamfl cHARMREMRI G, FoRIRIPIRL RERAgEn,  Lover

10" eRi BPENtSyIBbRYhet 7. A process according to any
preceding claim wherein 10 each QlL, @@ and B (when

present) represents phosphorous. 8. A process

acgor dhng, {50 cf‘W»;HéﬁCEQ%E.‘&E@)' WRlRicRdehR1tNeepresent

50, abdRh
conpound of fornmula I] and J when _present) each

i nHbpepRkiEsy "arSsRdSeT GITEHNY 130l kY| &hE wH TdHFY sTWO
optLopal by rsbstdd utgd Bsspgfhdedr RiphorBusA above are
process according to any preceding claim wherein

15 amended accordinaly ;

wherein the carbonylation re=action is carried out at a
temperature of between -30°C to 49°C and under a CO
partial}l pressure of less than 30 = 10° N.m 2.
20
2. A process according to claim 1, wherein R' to R each
independently represent C; to Cg alkyl, Ci1-Cs alkyl
phenyl (wherein the phenyl group is optionally
substituted as defined herein} or phenyl (whersin the
25 phenyl group is opticnally substituted as defined
herein) .
3. A process according to claims 1 or 2, wherein B to
' each independently represent non-substituted C; Eo
Cs alkyl such as methyl, ethyl, n-propyl, iso-propyl.
a0 n-bukyl, iso-butyl, tert-butyl, penty}, hexyl and
cyclohexyl.
a. 2 process according to any preceding claim, wherein

cach of the groups R' to R’, R® to BRY, R? to R}, R to
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20

the | ower alkylene which A, B and J may i ndependgnt
represent is -CH2- or -C2H4-. 20 10. A process 2 FEB 2007

wn%ﬁ]ﬁfﬁ" Lng to any preceding claim wherein K‘{,’P Hsu%ﬂsasl

ndependent |y represents, hydrogen. 11. A proces
according to any preceding claim wherein two of K
D, E and Z together with the carbon atons of the aryl

rin 0 jch they are_attached forma 25 phenyl ring,
t hegl:bllt%ené\lfH rﬁm&qgepﬁg%ﬁptﬁmﬁéfl Yogebbseti totdegendentdpemay

or S {tu elected  fromaryl. . |ower alkyl
Coni Ch ST ot TRy T 1<t =" b  opRPERAFpY s Lvotborny)
subsir tltresk-BWeriedigmal ed as defined below), Het,

5haI , cyano, nitro, OR19, OC(0)R20 30 C(OW _C (O .
OR2 7" SRES ECFOFINRISD, AR Preced)ndsrpyasi, @herein
(S) NZARAP wherglitn { iﬂ?@p n

repr esent hydroPglengc?%%PO\%eerB%-}IS%?ﬁ%( |ch§§ﬁ§yﬁbg%uglkyl’
fl 2BER 200 MWD 1RO 28 3 HTi4dEBRO031M03383 44 may

itsglf i | w.substituted or term nated as .
et el RETl nieca st R pE g ey Rl (ol ahy. vherein,

precadim@’clai m® whasmidendhenduidroxyl group

cont.ai ni ng conmpound includes water 5 or an organic )
7 ol e UPECHEYT ngCEORGNExX O faEt PERESdighouplaie, wherein

ProGRss acgordi g tane aign 12, MARr e} I6- or g@gggesents

nol ecul e havi ng ‘a hydroxyl functional” group ‘nay
br amdedterdushear, and conprises an al kanol, 10

partj cularly_ a - C30_al kanol , includi,ng ar . - .
8 al k&h %&CE ?cﬁ%;%ﬁggopnl oY | FTEGESEP Rt e nwherein
oneior mhee suhstihdenis Fehaated fronn| ower AKyls {when
aryl, Het, halo, cyano, nitro, OR19, OC (Q R20, C (O

R21PF 25608 ORI CINR23REEP < T e KR S RIGTESSFWE R2G SREY Co
or 19 K aR2/m Ash debi ngd MerAiny theblycpiekerdLdaerined

herein.

a. A& process according to any preceding claim, wherein
the lower alkylene which A, B and J may independently
represent is ~CH;- or -CaHa-—.

10, A& process according to any preceding claim, wherein
K, I, E or Z independently represents hydrogen.

11. A process according Lo any preceding claim, wherein
two of K, D, E and % together with the carbon atoms
of the aryl ring to which they are attached form a
phenyl ring, the phenyl ring being optionally
substituted with one or more substituents selected
from aryl, lower alkyl (which alkyl group may itself
be opticnally substituted or terminated as defined
below), Het, halo, cyano, nitro, OoOR?, oC(0)R*,
C{O)R*™, C{O)OR?, NR™R*", C(0)NR®R%*®, SR¥, C{0)SR¥ or
C{S)NR™R’ wherein R to R¥ each independently

represent hydrogen or lower alkyl (which alkyl group



al kanol s are C, -CB al kanol s such as net hanol ,
et hanol , propanol, iso-propanol, iso-butanol, t QUFMB 200f
al cohol . n-but anol phenol and chl orocapryl alpg_-q}hmzun;musas:;

w?&“"JRIﬁJf)cess according to gny preceding claim

10

15

20

25

30

wherein 20 the carbonylation of an ethylenically
unsaturated conpound as defined herein may be
performed in one or nore f:LOtI S

L .15, A .
pr oced®iacklorelt hght ooBRYOHE Hof a?'ﬁ}ﬁsglﬁ/‘gpeah%e?:ﬁmf‘ﬁ%tm 28
reacti iﬁe&%éi@f’?})“t in the absence of any 25
SO

exter aprotic vent ie. an aprotic solvent not
gener &t efrbyethe amactdion itsehhy IEeckdingtegkalm, wherein

accordi.ng to_an recedin h
i s Car%r]”l‘@gohfé%lf %}'th{_‘ﬂiélp g?%{:;?/%? nﬁgggﬁkgun&l §nPQBESSwater
suppordy 38 bhgahiRf Oiﬁﬁﬁ.écﬁlmohdhrﬁggt @ anydf,dmym f8potional

wherein the support material is porous silica which
has a stpdace area in the range of from 10 to 700

9 01?915335%!355 pgi.[_‘.g %&Eﬂgﬁ%&} %gggog?gezg%r%ﬁﬁm @ht¢ beganic
PCTI 6&2‘9@@&@%35&“&@ aﬂem@glefowli i theckigeal ngreap may be

range of from 10 to m 18 process. accor g ng t
any priee@arhgdcl &m JV\Hé Tim %‘ﬂ@ or Ak c Seroup%bR' a1%anal,

R8,— 2 R R11 sand dRid aryl
V\,henR3% 9::515&:89 R, R8P, g

sociated with their respective carbon atomfo orm ith
Con‘posalbagobaps wihidh aey die | enddonadlyt evpleatt ot wi

hi nderi ng as t C t al mMkyl,
1. "hePRfn Sndv e ronpip i AL ER AR Chith ' Pok oo .

hi s (déar_?iDUHEt plha&phl rn@r)anolomtxyul, emé{ al @B KN

L2 s Lok PUCLanasp noppl idbebenigighasike? biser or
c{0)SR¥ as defined herein. Highly preferred
alkancls ara C;-Cy alkanols such as methanol,
ethancl, propancl, isc-propancl, iao-butanol, t-butyl
alcohol, n-butanol, phencol and chlorocapryl alcohol.

14. A& process according to any preceding claim, wherein
the carbonylation of an ethylenically unsaturated
compound as defined heréin may be performed in one ar
more aprotic solvents.

15. A process according to any of claims 1-1Z, wherein
the reaction iz carried out in the absence of any
external aprotic selvent ie. an aprotic solvent not
generated by the reaction itself.

16. A process according to any preceding claim, wherein
the process 1s carried out with the catalyst
comprising a support.

17. A process according to any claim 13, wherein the
support material is porous silica which has a surface
area in the range of from 10 to 700 m’/g, a total

pore volume in the range of from 0.1 to 4.0 cc/g and



(di adamant yl phosphi nonet hyl ) napht hal ene; 1,2 ql%:FEB 2007
(di-t-pentyl phosphino)-o-xyi.ene (also known aS™1, 2
wo a1 di - t - pentyl - phosphi nonet hyl ) benzenepeyapshoRb®aass
,2 (di--t-butyl phosphing} naphthal ene. 20. A process

according to any preceding clains 1--15, wherein
suitable Goup VIIIB netals or a conpound thereof

whi ch_may be conbined with a conpound of 20 fornula |

i ncl We ACEFEAE RATKEHLS patFadiimthendding® @hdtrom 10 to
pl atmgmn. 21. A process according to claim19, wherein

sui table conmpounds of such Group VIII netals include:
1&al t3 ®froongsh aetatrding t he emycanpeeeisngonpaisi ngherein

wea 2 r.dj ed aniions.:derjsved froe pktri€
aci S#MESZS'F%%%I%I '];gﬁnu 'S 1S %Eal lﬁgho%é'( p tg ’Cifi%)‘r R, R,

uric acr d;” I'ole
aci da""suc’ asqdar®tiwheni dsandiptepni aiks aGkdr respective

sul phoni ¢ acids such as nethane sul phonic acid,

chl oTBERPPhBAPE &4 COmMERSISSUIPHoMT HWeidh are at least

triféyogpgggggmgysHhﬂgggiﬁg395aELgutg?pzene sul phoni ¢
aci d, napht hal ene sul phonic acid, toluene sul phonic

laci i rrgcepst sbgendingutphohetnadi dpherbihykhe bidentate

sul ' Ci nd_2: hydroxypr.opane sul phonic.acid;

Sul Phofa8Ch e BRfeFra Y SEOKY BT SPANS 2 LRASN BnBSbhino) -
PCT/ 6B2003160338G: 146 exghamge I el ns; 1perhalits aci dai—t-
sucﬂ)as_ferchloric aci d; hal ogenat ed carboxylic acids
suchiasyinhrarh bpredekky ! aci d 395 ;uor oacétridc bis

aci didiﬁéﬁé’ﬁbﬂﬁﬁﬂgéﬁﬁiﬁ&hgﬁ%ﬁ’fpsph%&é&é"}%-dS sych as ;.
5 benzenephosphoni ¢ ‘aci d; and aci ds erived from

i nt etdicadananbel peespilbwme ey ts andpBtbedsted aci,ds; bis
the opti.o enated,t et raphenyl

| t
dor 1 (o1 g el S RRERRS B BT e Bonpl St fmown as 1,2
par thical aeliy tH-pese W-phol=ahi nem-t#gnds; h&hizene}; and bis

1,2 {di-t-butyl phosphino) naphthalene.

20. A process according te any preceding claims 1-18,
wherein suitable Group VIIIE metals or a compound
thereof which may be combined with a compound of
formuia I include cobalt, nickel, palladium, rhodium
and platinum,

2l. A process according to claim 19, wherein suitable
compounds of such Group VIII metals include: salts of
such metals with, or compounds comprising weakly
coordinated anions deriwved from, nitric acid;
sulphuric acid; lower alkanoic {fup to Ci3) acids such
as acetic acid and propionic acid; Sulphonic-acids
such as methane sulphonic acid, chlorosulphonic acid,
rluorosulphonic  acid, triflucromathane sulphonic
acid, benzene sulphonic acid, naphthaléne sulphonic
acid, toluene  sulphonic  acid, e.g. p-toluene
sulphonic acid, t-butyl sulphonic acid, and 2-

hydrozypropane  sulphonic acid; sulphonated 101
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ELH

10 tri (di henzyl i deneacetone)di pal | adium 22_ A pr.ocess
according to claim20, wherein the anion may bmg FER 2067
derived fromor introduced as one or nore of a Ci
WP 483 4p] a measured i n aqueous sol ution at PEIVERYPINIIIRY
| ess than 4. 15 23. A proce¥s according to any

precedi ng clainms, wherein the carbonylation is

carried out at a tenperature of between -10 to 45C

24. ARERSASS aE&LHIrH g pedhay cpr acedi nguch aiad perchloric
wherein thé carbonylation is carried out_at.a co

parti akid20 phedegerBased esSARAME S 13N 2. sygh 8%
A progess

ccording.to pregedi ng- Gl@AiyproMiereian  acid;
the r £&FPgHrF§‘}CEg??i edgig%? on et hyl enLi_ cally
unsat grahephG3pEaeiconparintts. PBosphppdeess dctor dFHEN  2°
to any preceding claim wherein 25 the.ethyl gniealbky £r
unsat é‘laﬁt??@dle@&ﬁﬁﬁt}ﬂﬂlfss att 'ken%ngha\l%l%r%gjts?, ggl,_—% |ce)r o

or e 9%%%%‘&3%%%@%%% bends pefidshanec Hreer@ted acids;
process according to any preceding claim vvh%rei

t he
et hyl emiecal loptinsatldrat edadogpadi@ray FaHER es‘]t?'qt herg?rate

are suffi,cient nunber of Ran. at ong 1 hgqh hiear ofomplexes
br anc#&f,l Bt it utzéedr,&ﬁe cycl i CTTEEacycI ic or part

cycl i (=A% 1t r1gnd/ athdage optwomial | ylababst it dagnsis : ar
term nated by one or nore subgt It uents,.r.. 0 2 FEB 2007
WO 206ati0is TN 2 RETrasseess 608483 1AM S8 ect ed from

|.ower _al | | o Hehim a@kyliesxrehal ¢he anion
& %cb)f!iﬁ?e%%,acﬁg( El‘il)ﬂ%iAIJ C (oimo?zdgy NR2- [ R74. C .
(O NE2BRI6e NERiveN, f8RR7 omhdmgirpduerd ARy =eddh MoTe ©

POCPenently {SpLETCH’ shyCheuRl Bl Loy aaldid o 2eion ot
18°C of less than 4.

23. A process according to any preceding claims, whereln
the carbonylation is carried oub at a temperature of
pbetween —10 to 45°C.

24 B pracess according te any preceding claim, wherein
the -:;arbonylatiun-'is carried out at a CO partial
pressure of less than 15 x 10° M, m™2.

25. A process according to any preceding claim, wherein
the reackion is carried out on ethylenically
unsaturated Cy;-Cop compounds.

26. A process acceording to any preceding claim, wherein
the ethylenically unsaturated compound is an alkene
having 1, 2, 3 or more carbon-rarbon double bonds per
molecule.

27. B process according to any preceding cliaim, wherein
the ethylenically unsaturated compound may, when
there are sufficient number of carbon atoms, be
linear or branched, be substituted, be cyclic,
acyciic or part cyclic/acyelic, and/or be optionally

substituted or terminated by ovne or more substituents



the ethylenically unsaturated conpounds may be
i ndependent |y sel ected from ethene, propene, 1- 02 FEB 2007
wo Risienesy 2- butene, ispbutene, |-pentene, 2- peﬁgﬁaﬁm@rﬂﬂﬂ

pent ene and branched!i sonpfs thereof, 1-hexene and 8

its isonmers, 1-heptehe and its isoners, 1-octene and

its isoners, 1l-nonene and its isoners, 1-decene and

its isoners, the Cl11-C20 al kenes and their _known

i somtEEC R hefreMenlPMRre, 2ty - 3%Fdnt cRébalEryd 3 Het,

but adiepeyel, 3-1pemy adi . 1, di eng, 31 15 22

cyclohgxgp{%he, ZHéihégggaieﬁgiﬁg?ﬁefhy?{?%g 7T CLOIoR,

but R eRe., 20{0ATrBcessNPnr ENe cakbombetéeom &' to R

et hyl enj c unsat.ur at ed _conpounds._as hereinbefore .

des i oba etV R o T it Sl oot apL v
5 28An idroteest accprafligedyatpepeachanybaté i@ @ferein

et hyl.eni cal | y_unsat urated conpound in accordance with

t he PreseftFheRHEFbhY 3PnsEtEEt®hr eepppugds may be

Eira%rftggz?éﬁzcgerﬁﬂipr | Qe @y W Eiomr efghgnee t Opfgﬁene, 1-
butene, Z-botene, isobutene, l-pentene, 2-pentens, 3-
pentens and branched isomers therecf, l-hexene and

10 its isomers, l-heptene and its isomers, l-octene and

its isomsrs, l-nonene and its isomers, l-decene and

its isomers, the ©C1;-Cy alkenes and their known

isomers, 3-pentenenitrile, methyl-3-pentenecate, 1,3

butadiens, 1,3—bentadiene, 1,3 hexadiene, 1,3
15 cyclohexadiene, 2,4-leptadiene, Z2-methyl 1,3
butadiene.

20. A process for the carbonylation of ethylenically
uwnsaturated compounds as hereinbefore described and
with reference to the examples.

20 30. An acid or ester produced by the carbonylation of an
ethylenically uprsaturated compound in accordance with
the present invention.

3. An acid or ester as hereinbefore described and with
reference to the examples,

25



